(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT) 



(19) World InteUectual Property 
Organization 
International Bureau 

(43) International Publication Dale 
8 July 2004 (08.07.2004) 




PCT 



(10) International Publication Number 

WO 2004/057021 A2 



(51) International Patent Classification 7 : 



C12Q 1/68 



(21) International Application Number: 

PCT7CA2003/001994 

(22) International Filing Date: 

19 December 2003 (19.12.2003 ) 



(25) Filing Language: 

(26) Publication Language: 



English 
English 



(30) Priority Data: 

2,411,264 
2,418,004 



1 9 December 2002 ( 1 9. 1 2.2002 ) C A 
24 January 2003 (24.01 .2003) CA 



(71) Applicant (for all designated Slates except US): UNIVER- 
SITY LAVAL [CA/CA]; Danielle Allard, Pavilion des sci- 
ences de Teducation, bureau 1474, Quebec, Quebec G1K 
7P4 (CA). 



(72) Inventor; and 

(75) Inventor/Applicant (for US only): BOIVIN, Guy 
[CA/CA]; 2531 Montbray, Sainte-Foy, Quebec GlV 1E7 
(CA). 

(74) Agent: OGILVY RENAULT; Suite 1600, 1981 McGill 
College Avenue, Montreal, Quebec H3A 2Y3 (CA). 

(81) Designated States (national): AE, AG, AL, AM, AT, AU, 
AZ, BA, BB, BG, BR, B W, BY, BZ, CA, CH, CN, CO, CR, 
CU, CZ, DE, DK, DM, DZ, EC, EE, EG, ES, FI, GB, GD, 
GE, GH, GM, HR, HU, ID, IL, IN, IS, JR KE, KG, KP, KR, 
KZ, LC, LK, LR, LS, LT, LU, LV, MA, MD, MG, MK, MN, 
MAV, MX, MZ, Nl, NO, NZ, OM, PG, PH, PL, PT, RO, RU, 
SC, SD, SE, SG, SK, SL, SY, TJ, TM, TN, TR, TT, TZ, UA, 
UG, US, UZ, VC, VN, YU, ZA, ZM, ZW. 

(84) Designated States (regional): ARIPO patent (BW, GH, 
GM, KE, LS, MW, MZ. SD, SL, SZ, TZ, UG, ZM, ZW), 
Eurasian patent (AM, AZ, BY, KG, KZ, MD, RU, TJ, TM), 
European patent (AT, BE, BG, CH, CY, CZ, DE, DK, EE, 

/ Continued on next page] 



(54) Title: MOLECULAR METHODS AND COMPOSITIONS FOR DETECTING AND QUANTIFYING RESPIRATORY 
VIRUSES 




(2 « 65 bi (si b* 70 71 72 74 7S 76 77 79 SO SI S2 84 IS tt> IS 89 91 92 94 9< 

Temperature (°C) 



(57) Abstract: There is provided 
compositions and methods for the detection 
and/or quantification of respiratory viruses 
using specific nucleic acid sequences. In 
particular methods and composition are 
provided to detect human Metapneumovirus 
(hMPV). The invention also provides with 
multiplex assays for detecting respiratory 
viruses in test samples. 



< 
r-( 

r- 

IT) 

o 

o 
o 

O 



B 




62 64 66 67 70 71 73 75 76 78 



62 84 85 87 



_2004057021A2_I_> 



BEST AVAILABLE COPY 



WO 2004/057021 A2 1 1 III II 111 111 II II! 



ES, FI, FR, GB, GR, HU, IE, IT, LU, MC, NL, FT, RO, SE, For two-letter codes and other abbreviations, refer to the "Guid- 

SI, SK, TR), OAPI patenl (BF, BJ, CF, CG, CI, CM, GA, ance Notes on Codes and Abbreviations" appearing at thebegin- 

GN, GQ. GW, ML, MR, HE, SN, TD, TG). ning of each regular issue of the PCT Gazette. 

PubDshed: 

— without international search report and to be republisfied 
upon receipt of that report 



BNSDOCID: <WO 2004057021 A2_l_> 



WO 2004/057021 



PCT/CA2003/001994 



- 1 - 

MOLECULAR METHODS AND COMPOSITIONS FOR DETECTING AND 
QUANTIFYING RESPIRATORY VIRUSES 

CROSS-REFERENCE TO RELATED APPLICATIONS 
5 This application claims priority on Canadian applications serial number 2,411,264 
filed on December 19, 2002 entitled "Sequences for detection and identification of the 
human rnetapneumo virus" and serial number 2,418,004 filed on. January 24, 2003 
entitled "Multiplex assays for detection and identification of viral respiratory 
pathogens. 

10 

TECHNICAL FIELD 

This application relates to the field of microrganisms detection and more particularly 
to the detection of respiratory tract viruses using virus specific nucleic acids. 

15 

BACKGROUND OF THE INVENTION 

Respiratory tract infections are a significant cause of morbidity and mortality irj all 
age • groups but especially in young children, elderly subjects, and 
immunocompromised patients. Most of these infections are caused by viruses with 
2 0 influenza A and B and the human respiratory syncytial virus (hRSV) being associated 
with the most frequent and severe complications i.e. pneumonitis and death (DoweB 
et. aL, 1996, J. Infect. Dis. 174:456-462; Simonsen et al, 2000, J. Infect Dis. 
181:831-837; Han et al„ 1999, J. Infect Dis. 179:25-30; Neuzil et aL, 2000, N. Engl. 
J. Med. 342:225-231; Simoes, 1999, Lancet 354:847-852.). Other viruses such as 

2 5 adenoviruses (> 50 serotypes), parainfluenza viruses (PIV) (4 serotypes), rmnoviruses 

(> .100 serotypes), and coronaviruses also contribute to acute respiratory tract 
infections' (Trcanor, 2002, Clinical Virology, 2 nd eci, ASM Press, Washington, D.C., 
7-26). Also, recent studies by the inventor and others have suggested that the new 
human metapneumovirus (hMPV) should be added to the list of human respiratory 

3 0 viral pathogens in all age groups (van den Hoogen et al., 2001, Nat Med. 7:719-724; 
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Peret et al.> 2002, J. Infect Dis. 185:1660-1663; Boivin et ai., 2002, J- Infect 
Dis.l86:1330-1334). 

The hMPV was initially isolated from nasopharyngeal aspirates recovered from 28 * 
children suffering ftom respiratory tract infections. Based on partial nucleic acid 
5 sequences, gene organization, and electron microscopy (EM) findings, this virus was 
preliminary assigned to the Paramyxoviridae family, subfamily Pneumovirime, genus 
Metapneumovirus. Since then, hMPV has been isolated in North America by our 
group (Pcret et al, 2002, J. Infect Bis. 185:1660-1663), in Australia (Nissen et aL, 
2002, Med. J. Aust 176:188), and in England (Stockton et al., 2002, Emerg. Infect. 
10 Dis. 8:897-901). 

Preliminary vroloeical characteristics of hMPV . 

The initial report by Van Den Hoogen et al. (van den Hoogen ot at, 2001, Nat Med. 

15 7:719-724) indicated that the new virus replicated slowly in tertiary monkey kidney 
(TMK) cells with cytopamic effects (CPE) consisting of syncytium formation 
appearing 10-14 days post inoculation. Notably, the virus grew very poorly in Vero 
and A549 cells and could not be propagated in Madin Darby canine kidney (MDCK) 
cells. Virus-infected TMK cell-culture superriatairts also did not display any' 

2 0 nonagglutinating activity. The supernatants of infected TMK cells were used for EM 
studies, which revealed the presence of paramyxovirus-like pleomorphic particles in 
the range of 150-600 nm with short envelope projections in the range of 13-17 nm. 
However, RT-PCR studies with primer sets specific for known paramyxoviruses were 
initially all negative. Using a random PCR amplification procedure known as RAP- 

2 5 PCR (Welsh et al., 1990, Nucleic Acids Res. 18:7213-7218; Ralph et at, 1993, Proc. 
Natl. Acad. Sci. U.SA. 90:10710-10714), the Dutch investigators identified 
differentially displayed bands (compared to human parainfluenza-1 virus) whichi 
upon sequencing, were found to be most closely related to the avian pneumovirus 
(APV). 

30 



.2004057021 A2_l_> 



WO 2004/057021 



PCT/CA2003/001994 



3 

APV, the ageiu ui iui^ j uiuotracheitis, has been the sole member of the recently 
assigned Metapneumovirus genus within the Pneutnovirinae subfamily (Taxonomy 
Virus, 2000, Seventh Report of the International Committee on Taxonomy of Viruses. 
San Diego. 551, 557, 559-560). The latter virus is a major respiratory pathogen of 
5 turkeys and other domestic fowl worldwide (Yu et al., 1992, Virology. 186:426434; 
Jones et al., 1987, Vet Rec, 120:301-302; Jones, 1996, Avian Pathol. 25:639-648; 
Seal et aL, 2000, Virus Res. 66:139-147). There are four serotypes of APV with 
serotype C (present in US) being the most closely related to hMPV (van den Hoogcn 
et al., 2001, Nat Med. 7:719-724). The metapneumoviruses (including APV and 

10 hMPV) are structurally similar to the human respiratory syncytial virus (hRSV), 
which also belongs to the Pneumovirinae subfamily, except for two features: they 
lack the two non-structural proteins (NS1 and NS2) and they have a different genomic 
organization (Yu et ah, 1992, Virology. 186:426-434). Recently, an almost complete 
hMPV sequence (13.4 kb) was reported in GenBank (accession number: AF371337) 

15 (van den Hoogen et al, 2002. Virology. 295:119-132). The overall percentage of 
amino acid sequence identity for the N (nucleoprotein), P (phosphoprotein), M 
(matrix), P (fusion), M2 (membrane), and L (polymerase) proteins is in the range of 
56-88% between hMPV and APV whereas it is 18-44% between hMPV and hRSV. 
However, the G (glycoprotein) and SH (small hydrophobic) proteins of hMPV do not 

20 possess significant amino acid sequence identity with those of any other viruses. In 
contrast to APV, hMPV was shown to be unable to replicate in turkeys and chickens 
but the human virus replicated efficiently in the respiratory tract of cynomolgous 
macaques inducing upper respiratory tract symptoms that correlated with peak viral 
replication in throat samples between 2 to 8 days post infection (van den Hoogen et 

25 ah, 2001, Hat. Med. 7;719-724). Thus, these preliminary data indicated that hMPV 
was a primate pathogen associated with respiratory diseases. 
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Clinical importance ofhMPV . 

There is little information about the clinical presentation of hMPV infection. In the 
original report by Van Den Hoogen et aL, 27 of the 2S infected children from the 
5 Netherlands were below the age of five (van den Hoogen et al„ 2001, Nat. Med. 
7:719-724). It was mentioned that those infected patients were diagnosed with a range 
of acute respiratory tract infections (ART1) from mild to severe including 
bronchiolitis and pneumonia although no detailed clinical data were provided. In a 
limited study conducted in the whiter of 2000, the same authors found that 7 (« 10%) 

10 of 6$ pediatric patients with unexplained ARTI had evidence of acute hMPV infection 
by RT-PCR (van den Hoogen et al., 2001, Nat Med. 7:719-724). In addition, 
Australian investigators reported the detection ofhMPV by RT-PCR in 3/200 {13%) 
nasopharyngeal aspirates from children whose specimens were negative for the 
common respiratory viruses during the winter of 2001 (Nissen et al.> 2002, Med. J. 

15 Aust 176:188). Recently, hMPV RNA was detected by RT-PCR in 9/405 (2.2%) of 
nasopharyngeal swabe from English patients who consulted for influenza-like 
illnesses and had negative tests for other pathogens (Stockton et al., 2002, Emerg. 
Infect. Pis. 8:897-901). These studies, however, suffer from major limitations such as 
their small size (in most cases), the superficial description of clinical features, the lack 

2 0 of morbidity/mortality data, their retrospective nature, the exclusion of patients who 
rested positive for other viruses, and the absence of a control group. 

Thus far, seroprevalence studies have been limited to the Dutch population. An 
indirect immunofluorescence assay (IF A) using infected TMK. cells has revealed that 
25 25% of the children aged between 6 and 12 months had hMPV antibodies and 70% 
had become seropositive by the age of 5 years (n==60) (van den Hoogen et aL, 2001, 
Nat. Med. 7:719-724). Retrospective serological testing also indicates that hMPV has 
been circulating in the Dutch population for at least half a century. 

30 Diagnosis ofhMPV infections 
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Our laboratory was the foist to report the presence of hMPV in America and the 
second in the world following the initial report from the Netherlands (Peret et al, 
2002, J. Infect. Pis. 185:1 660-1 663). Our first 11 hMPV strains were isolated on 
LLC-MK2 cells, a continuous cell line from rhesus monkey kidneys that is used in 
5 our center to recover parainfluenza viruses (PIV). Electron microscopy studies of 
these isolates revealed pleomorphic, spherical and filamentous particles with 
characteristics (nucleocapsid diameter and pitch spacing, length of projections) that 
were consistent with paramyxoviruses. RT-PCR and immunofluorescent assays for 
paramyxoviruses (PIV 1-3, hRSV) and other respiratory viruses (adenoviruses, 
10 coronaviruses, influenza viruses A and B, rhinoviruses) were negative for all 11 
isolates. In contrast, amplification of the hMPV F (fusion) and M (matrix) genes 
based on published partial sequences (van den Hoogen et al., 2001, Nat. Med. 7:71 9- 
724; van den Hoogen et al., 2002, Virology. 295: 1 19-132) was positive for all isolates 
(Peret et al., 2002, J. Infect Dis. 155:1660.-1663). 

15 Subsequently, the virological features and clinical findings associated with a larger set 
of 38 hMPV strains from subjects hospitalized at our institution (CHUL, Quebec 
City) since 1993 were examined in our laboratory (Boivin et al., 2002, J. Infect Dis. 
186:1330-1334). "With all cell lines used in our laboratory, we were able to determine 
mat the previously unidentified hMPV strains only consistently grew on LLOM1C2 

20 cells after a mean incubation time of 17.3 days (range 3-23 days). Interestingly, most 
isolates recovered before 2002 produced only limited syncytia on LLC-MK2 cells, 
whereas some of the recent strains produced large syncytia typical of those induced 
by hRSV. Notably, we also observed a seroconversion for hMPV in two adult patients 
for whom acute and convalescent sera were available using an IFA test designed in 

25 our laboratory. Such seroconversion episodes (titers from < 1/10 to 1/SO and. from < 
1/10 to 1/160 over 2 and 4 weeks, respectively) occurred during the course of the 
patients' illness suggesting that hMPV was a true respiratory pathogen. A , 
pbylogenetic analysis of hMPV Canadian strains based on F gene sequences 
identified two major phylogenetic groups. At the nucleotide level, we found a 

30 similarity of 94.2-100% and 92.6-100% for isolates of groups 1 and 2, respectively, 
whereas the similarity at the amino acid level was higher i.e. 96.8-100% (group 1) and 
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97.2-100% (group 2) suggesting a functional/immiuiological conservation of the F 
protein. Interestingly, co-circulation of the two hMPV groups during some years was 
observed. 

5 Over the past 9 years, most (86.7%) hMPV strains from our center were isolated 
during a 5-month period, from December to May. As an indication of the relative 
frequency of detection of hMPV compared to other respiratory viruses, we reviewed 
all respiratory samples (n = 862) sent to our virology laboratory for viral culture 
during the winter season (Dec. to May) of 2000-01. During this period, hMPV was 

1 0 recovered in 23% of all respiratory samples tested by viral culture compared to 2.3% 
for PIV, 3.4% for adenoviruses, 4.8% for hRSV, and 19.8% for influenza A or B 
viruses. Overall, hMPV represented 7.1% of all positive cultures from respiratory 
samples during that winter season with percentages of 4.1%, 2.8% s and 29.3% for 
patients aged 0-5, 5-65, and > 65 years, respectively. A retrospective review of the 

15 clinical charts from rMPV-mfected subjects identified for the first time the role of 
this virus as a cause of severe lower respiratory tract infections iu all age groups but 
especially in young children, elderly subjects, and immunocompromised patients. 
More specifically, the most frequent diagnoses associated with hMPV infection in 
hospitalized children were pneumonitis (66%) and bronchiolitis (58.3%) whereas 

2 0 bronchitis/bronchospasm (60%) and pneumonitis (40%) were most commonly seen in. 

elderly subjects (Boivin et al„ 2002, J. Infect Dis. 186:1330-1334). Although no 
histopathological studies were available, hMPV was the only pathogen identified in 
respiratory tract secretions of 3 subjects (including 2 with immunosuppressive 
conditions) who died of respiratory ^sufficiency. 

25 

We recently studied in greater details one of the cases associated with a fatal hMPV 
infection (Pelletier et aL, 2002, Emerg. Infect Dis. 8:976-978). Interestingly, this 
child with acute lymphoblastic leukemia . was successively infected by two 
genetically-distinct hMPV strains on two consecutive winter seasons. On each 

3 0 occasion, hMPV was the only pathogen isolated from a nasopharyngeal aspirate 

obtained during the course of lower respiratory traot infections (bronchiolitis in the 
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first year, "bronchiolitis followed by fatal pneumonitis in the second year). 
Comparative sequence analysis of the amplified F gene products (759 bp) revealed 
that the two viral isolates differed by 1 14 nucleotides (10 amino acids) and belonged 
to tvvo different hMPV groups. Overall, our data suggest that many hMPV strains may 
5 co-circulate in a specific population during a given period and such viral diversity 
coupled with a waning immunity (as found in elderly subjects and 
immunocompromised patients) may lead to multiple and sometimes fatal reinfections 
similar to those reported with hRSV (Hall, 2001, N. Engl. J. Med 344:1917-1928; 
Couch et aL, 1997, Am. J. Med. 102:2-9). 

10 

The role and relative contribution of hMPV were recently further expanded in a 
prospective case-control study performed at our institution during the winter of 2001- 
02 (Dec. 15-April 20). All children < 3 years were eligible as cases if they were 
hospitalized for a lower respiratory tract infection (bronchiolitis, croup, pneumonitis) 

15 whereas controls consisted of children matched for age and hospitalized for an 
elective surgery during the same period with no respiratory symptoms. 
Nasopharyngeal aspirates were obtained from all participants for real-time PCR 
studies performed on a LightCycler (Roche). The latter included a multiplex RT-PCR 
for common respiratory viruses (influenza A, influenza B, hRSV) and a real-time RT- 

20 PCR assay for hMPV (analytical sensitivity of 100 copies per PCR reaction). No 
viruses were detected in samples from the 51 control patients. In contrast, at least one 
virus was identified in samples from 163 (78.4%) of the 208 cases (51% hRSV, 
21.6%* influenza A, 0% influenza B, 5.8% hMPV, and 5.9% co-infections). hRSV and 
influenza A infections occurred predominantly in the period between January and 

2 5 March 2002, whereas hMPV infections increased after February. In fact, 1 1/12 hMPV 

cases occurred within a 4-week period from mid-March to mid-April accounting for 
18.9% of all ARTI in children during this period. Data collected from our virology 
laboratory indicated that the hMPV outbreak extended after the end of the study 
protocol (April 20) which suggests that hMPV seasonal pattern may differ from that 

3 0 of other respiratory viruses. A bronchiolitis was diagnosed in 67% of hMPV-infected 

children whereas 16.7% developed a pneumonia. In brief, there was no statistical 
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difference between the different viruses with regard to the symptomatology and 
reported diagnoses. Similarly, the median duration of hospitalization for the 3 viruses 
was identical (4-5 days). 

5 In view of the above, it will be appreciated that diagnosis assay that can rapidly detect 
the presence of many respiratory viruses is needed. 

Respiratory viruses have been classically identified by viral culture using a variety of 
permissive cell lines. However, viral culture is not convenient for clinical 

10 management due to the need of specialized techniques (cell culture, 
rmmunofluorescence methods), the long turnaround time before appearance of typical 
cytopathic effects for many viruses (up to a few weeks), and the need for rapid 
inoculation of an infectious virus into multiple cell lines for optimal sensitivity 
(Specter ct al., 2002, Clinical Virology, 2 nd ed., ASM Press, Washington, D.C., 243- 

15 272). 

Antigenic detection kits for some respiratory viruses (influenza viruses and hRSV) 
have been developed by many companies. Most are immunoenzymatic assays 
(ELISA) based on the capture of a viral antigen by a specific monoclonal antibody. 

20 Although such assays eliminate many of the problems inherent to viral cultures (no 
need for specialized equipment, rapid turnaround time in < 30 min, no need to recover 
an infectious virus), they have not been widely adopted due to poor sensitivity and/or 
specificity compared to viral culture. For instance, the sensitivity and specificity of 
some rapid antigenic tests for influenza has varied from 46 to 96 % and from 52 to 99 

25 %, respectively, compared to viral culture. The performance of these tests is 
dependent on many variables such as the patient's age, the type of specimen and the 
duration of me disease (Hayden et al., 2002, Clmical Virology, 2 nd e&, ASM Press, 
Washington, D.C-, 891-920), The performance of the rapid antigenic tests for hRSV 
has been considered quite good in children with sensitivity and specificity varying 

30 -from 80 to 95 % (Piedra et al.. 2002, Clmical Virology, 2 nd ed\, ASM Press, 
Washington, D.C., 763-790) but poor in adults (Englund et aL, 1996, J. Clin. 
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Microbiol. 34:1649-1653). Detection of antibodies against viral pathogens (serology) 
has a limited value in the diagnosis of acute viral infections since two serums, 
collected at a 2 to 3 week interval, are required in order to document a significant rise 
in viral antibody titers. 

5 

More recently, PGR or RT-PCR assays have been developed for many respiratory 
viruses allowing detection of small amounts of viral DNA or RNA in a clinical 
sample. In the so-called "multiplex" format, PGR assays have been designed to 
amplify more than one viral target in the same PCR reaction (Ellis et al., 1997, J. Clin. 

10 Microbiol. 35:2076-2082; Fan et aL, 1998, Clin. Infect. Dis. 26:1397-1402; Liolios et 
al., 2001, J. Clin. Microbiol. 39:2779-2783; Grondahl etal.; 1999, J. Clin. Microbiol. 
37:1-7). However, most multiplex PCR assays reported to date do not allow the 
simultaneous detection of all viruses involved in acute respiratory tract infections of 
humans and they require separate steps for the amplification and detection of viral 

15 genes, greatly Increasing the assay's turnaround time and preventing reliable 
quantification of the amplicons. At present, only one multiplex PCR assay (the 
Hexaplex test from Prodesse, Waukesha, WT) is commercially-available. The 
Hexaplex detects 6 respiratory viruses (influenza A and B, PIV 1-3 and hRSV) using 
specific viral probes in a microplate format (Fan ct al., 1998, Clio. Infect Dis. 

20 26:1397-1402; Kehl et al., 2001, J. Clin. Microbiol. 39:1696-1701). This assay does 
not use real-time amplification methodologies and has a turnaround time of about one 
full working day. Thus, there is a need for developing more rapid molecular assays 
that permit detection of a larger panel of respiratory viral pathogens. 

25 Rapid and sensitive detection of respiratory viruses is an important. cKnical goal to 
help physicians select the most appropriate antiviral, reduce nosocomial transmission 
of pathogens, decrease the length of hospitalization, and reduce antibiotic use and 
bacterial resistance. The present invention relates to the development of multiplex 
assays based on nucleic acids detection for sensitive and rapid diagnosis of most viral 

3 0 respiratory pathogens of humans. 
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SUMMARY OF THE INVENTION 

It is an object of the present invention to provide a rapid and sensitive method using 
amplification primers and/or probes for deteirnirring the presence and/or the amount 
in a test sample of nucleic acids from clinically important respiratory viral pathogens 
5 including human metepneumovirus. 

In another aspect there is provided multiplex assays aimed at detecting conserved 
genes of common respiratory viral pathogens such as influenza A and B, human 
respiratory syncytial virus (hRSV) A and B, human metapnBumovirus (hMPV), 
10 parainfluenza viruses (PIV) types 1-4, adenoviruses, rhinoviruses, enteroviruses, and 
coronaviruses. 

The nucleic acid amplification method is preferably but not exclusively PCR. In "a 
preferred embodiment, identification of the amplicons produced by the amplification 
15 of nucleic acids from respiratory viruses is achieved by verifying the specific melting 
temperature of amplified viral products or by hybridization with specific viral probes. 
Other amplification technologies including target and probe amplification techniques 
as well as signal amplification techniques performed in liquid phase or onto solid 
supports may also be used. 

20 

It is an object of the present invention to provide a method using nucleic acid 
amplification and/or detection for determining the presence and/or the amount of 
nucleic acids of the human metapneumovhus (hMPV). 

25 In a preferred embodiment, the nucleic acid amplification method is PCR. However, 
other amplification technologies including target and probe amplification techniques 
as well as signal amplification performed in liquid phase or onto solid support may 
also be used. 
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This invention provides a method to detect the presence of hMPV in a test sample 
based on the detection of a nucleotide sequence from either the nucleocapsid (N) 7 
phosphoprotcin (P), matrix (M)> fusion (F), membrane (M2) 3 polymerase (L), 
glycoprotein (G), and small hydrophobic (SH) genes. In a particularly preferred 
5 embodiment, the method to detect the presence of hMPV in a test sample is based on 
the detection of a nucleotide sequence from the nucleoprotein (N) or polymerase (L) 
genes. 

In another embodiment, identification of amplified liMPV products is achieved by 
1 0 verifying the specific " melting temperature of amplified viral products or by 
hybridization with hMPY-specific probes. 

It is another object of this invention to provide a method for typing hMPV strains 
which comprises the steps of reproducing the above amplification method followed 
15 by either hybridization using type-specific probes, DNA sequencing or restriction 
enzyme analysis. Typing is done preferentially, but not exclusively, on the most 
• variable hMPV genes i.e, the fusion (F) and glycoprotein (G) genes. 

All the proprietary DNA fragments and oligonucleolides useful in the detection or 
2 0 identification of a hMPV strain are further objects of this invention as well as any 
composition of matters that include them (recombinant vectors, hosts, diagnostic 
kits...). 

25 BRIEF DESCRIPTION OF THE DRAWINGS 

Further features and advantages of the present invention will become apparent from 
•the following detailed description, taken in combination with the appended drawings, 
m which: 
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Figure 1 represents a melting curve analysis of amplified hMPV strains using specific 
nucleoprotein primers (Sequence ID Nos. 92 andS>4) ; 

Figure 2 shows an ethidiuni bromide-stained agarose gel showing restriction fragment 
5 length polymorphism of amplified hMPV fusion (F) gene sequences digested with , 
enzymes ApaL I and Avr ILPCR products of the hMPV F gene (amplified with 
primers sequence ID Nos. 97 and 98) were digested with ApaL I and Avr II. Strains 
belonging to hMPV genotype F-l were digested only by ApaL I resulting in two 
fragments of 532 bp and 227 bp whereas strains belonging to hMPV genotype F-2 
10 were digested only by Avr II resulting in fragments of 447 and 312 bp,; 

Figure 3 shows the age at admission of children hospitalized for acute respiratory tract 
infections (ART!) caused by hMPV (A), hRSV (B), and influenza A (C) as well as for 
the whole study population (D) described in example 4; 

15 

Figure 4 represents the biweekly distribution of virologically cases with acute 
respiratory tract infections and their controls in the study reported in example 4; 

Figure 5 represents the biweekly distribution of hMPV isolates in the study group 
2 0 (hospitalized children) described in example 4 and in respiratory specimens tested at 
the regional virology laboratory (RVX); 

Figure 6 illustrates a phylogenetic tree of hMPV strains recovered as part of the study 
described in example 4 also mcluding the prototype strain from the Netherlands 

2 5 (GenBank af371367) and a Canadian isolate from season 2000-01 (hMPV3 5-2001), 

The dates of sample collection are in parentheses; 

Figure 7 is a melting curve analysis of viral strains amplified using the respiratnry-1 
multiplex real-time PCR assay. A- Multiplex real-time PCR assay using hMPV N 

3 0 primers (SBQ ID NOS. 95 and 96). B- Multiplex real-time PCR assay using hMPV L 
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primers (SEQ ID NOS. 112 and 114). Note: the internal control is apparent {Trn: 
9 1 °C) in the absence of amplification of specific viral prod ucts.; 

Figure 8 is a melting curve analysis of viral strains amplified using the respkatory-2 
5 multiplex real-time PCR assay. Note: The internal control is apparent (Tni: 91°C) in 
the absence of amplification of specific viral products; 

Figure 9A is a fluorescence signal as a function of elongation step for the 
determination of the hMPV load in clinical samples using quantitative real-time PCR; 

io 

Figure 9B is a standard curve for determination of the hMPV using quantitative real- 
time PCR; 

Figure 1 OA is a phylogenetic tree for the F gene of hMPV; 

15 

Figure 1 OB is a phylogenetic tree for the G gene of hMPV; 

Figure 11 is a melting curve analysis of amplified viral genes and of an internal 
control as determined by the LightCycler instrument Note that high amounts of 
2 0 amplified viral products may preclude detection of the internal control in some PCR 
runs; and 

Figure 12 is a melting curve analysis S ARS-coronavirus using a real time PCR assay* 

25 It will be noted that throughout the appended drawings, like features are identified by 
like reference numerals. 
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DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT 

The invention provides nucleic acid based diagnostic methods and compositions to 
detect and quantify respiratory viruses. 

5 

In a preferred embodiment respiratory viral pathogens targeted by the diagnostic 
assays include all genotypes of influenza A and B viruses, hRSV, hMPV, PIV, 
adenoviruses, rhinoviruses, and enteroviruses. Other less common (coronaviruses, 
reoviruses) and yet to be discovered respiratory viruses are also targets under the 
1 0 scope of the present invention. 

In the description of this invention, the terms «nucieic acids» and «sequences» might 
be used interchangeably. However, «nucleic acids» are chemical entities while 
1 «sequences» are the pieces of information encoded by these «nucleic acids». Both 
nucleic acids and sequences are equivalently valuable sources of information for the 
1 5 matter pertaining to this invention. 

In one embodiment the method targets conserved hMPV nucleotide sequences for 
diagnostic purposes and variable hMPV sequences for epidemiological typing 
purposes. Nucleotide sequences were selected either from a number of hMPV viral 
20 sequences obtained in the inventor's Jaboratory or from public databases (GenBank 
accession number AF371337). 

Our proprietary DNA fragments and oligonucleotides (a non-restrictive list of primers 
and probes) are listed in the following tables. 

25 

It will be understood by those skilled in the art that sequences that can selectively 
hybridize to the sequences of the present invention are also comprised in the scope of 
the invention. By selectively hybridizing it is meant that a nucleic acid molecule binds 
to a given target in a manner that is detectable in a different manner from non-target 
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sequence under moderate, or more preferably under high, stringency conditions of 
hybridization, "Complementary" or "target" nucleic acid sequences refer to those 
nucleic acid sequences which selectively hybridize to a nucleic acid molecule. Proper 
annealing conditions depend, for example, upon a nucleic acid molecule's length, base 
5 composition, and the number of mismatches and their position on the molecule, and 
must often be determined empirically. For discussions of nucleic acid molecule 
(probe) design and annealing conditions, see, for example, Sambiook et al. 1989 
(Sambrook, et al. ? Molecular Cloning: A Laboratory Manual, 2d Edition, Cold Spring 
Harbor Laboratory Press, Cold Spring Harbor, M.Y. (1989)) or Ausubel et al. 1987 
1 0 (Ausubel, F., et al. , Current Protocols in Molecular Biology, New York (1 987)). 

The detection of the viruses including the hMPV is conducted through compositions 
of matters such as diagnostic kits comprising the amplification primeis or probes of 
this invention. 

15 

In the methods and kits of the present invention, probes and primers are not limited to 
nucleic acids and may include, but are not restricted to, analogs of nucleotides. The 
diagnostic reagents constituted by the probes and the primers may be present in any 
suitable form (bound to a solid support, liquid, ryophilized, etc.) for detection and/or 

2 0 amplification of nucleic acid sequences of the viruses. 

In the methods and kits of the present invention, amplification reactions may include 
but are not restricted to; a) polymerase chain reaction (PGR), b) ligase chain reaction 
(LCR), c) nucleic acid sequence-based amplification (NASBA), d) self-sustained 
25 sequence replication (3SR), e) strand displacement amplification (SDA), f) branched 
DNA signal amplification (bDNA), g) transcription-mediated amplification (TMA), 
h) cycling probe technology (CPT), i) nested PGR, j) multiplex PCR, k) solid phase 
amplification (SPA), 1) nuclease dependent signal amplification (NDSA), m) rolling 
circle amplification technology (RCA), n) anchored strand displacement 

3 0 amplification, o) solid-phase (immobilized) rolling circle amplification. 
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- In ihe methods and kits of the present invention, detection of the nucleic acids of 
target genes may include real-time or post-amplification technologies. These detection 
technologies can include, hut are not limited to, the use of intercalating agents such as 
5 SYBR green, fluorescence resonance energy transfer (FRET)-based methods such as 
adjacent hybridization of probes (including probe-probe and probe-primer methods), 
7h#Man probe, molecular beacon probe, Scorpion probe, nanoparticle probe and 
Amplifluor probe. Other detection methods include target gene nucleic acids detection 
via immunological methods, solid phase hybridization methods on filters, chips or any 

10 other solid support. In these systems, the hybridization can be monitored by 
fluorescence, cheintturnmescence, potentiometry, mass spectrometry, plasmon 
resonance, polarimetry, colorimetry, flow cytometry or scanometry. Nucleotide 
sequencing, including- sequencing by dideoxy termination or sequencing by 
hybridization (e.g. sequencing using a DNA chip) represents another method to detect 

15 and characterize the nucleic acids of target genes. 

Amplification of hMPV sequences 

In one aspect of the invention there is provided methods aud compositions for 
detecting hMPV in a sample. 

20 

In a preferred embodiment, a Teverse-transcription (RT)-PCR protocol is used for 
nucleic acid amplification. The single-stranded viral RNA is converted to 
complementary DNA using an enzyme possessing a reverse transcriptase activity and 
a specific hMPV primer. Alternatively, random hexamer primers can be substituted to 

25 the specific hMPV primer. In a preferred embodiment, viral RNA was prealably 
extracted from 200 \x\ of naso-pharyngeal aspirates using the QlAamp Viral RNA 
Mini Kit (QIAGEN). Complementary DNA was synthesized using 10 yl of eluted 
RNA, 0.75 uM of a specific hMPV primer (Table 2 3 sequences ID Nos. 91 , 97, 100, • 
102, 109, 1 12), and the Omniscript Reverse Transcriptase Kit (QIAGEN, 

3 0 Mississauga, 0N 3 Canada) following the manufecturer's recommendations. 
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For DNA amplification by the widely used PCR method, primer pairs were derived 
from our proprietary DNA fragments or from public database sequences (Table 1). 
. During DNA amplification by PCR, two oligonucleotide primers binding respectively 
to each strand of the heat-denatured target DNA from the microbial genome are used 
5 to amplify exponentially in vitro the target DNA by successive thermal cycles 
allowing denaturation of the DNA, annealing of the primers and synthesis of new 
targets at each cycle (Persing, 1993, Diagnostic Molecular Microbiology: Principles 
and Applications, American Society for Microbiology, Washington, DC. 88-109). 

10 In a preferred embodiment, complementary DNA was amplified using a real-time 
PCR procedure with. 'the LC Faststart DNA Master SYBR Green 1 Kit (Roche 
Diagnostics, Laval, QC, Canada) or the SYBR Green TAQ ReadyMix for quantitative 
PCR capillaiy formulation (Sigma-Aldnch, Oakville, ON) in a LightCycler 
instrument (Roche Diagnostics). Each reaction had a total volume of 20 ul including 2 

15 ul of RT mixture and 18 ul of a reaction mixture containing 4 mM MgCb, 2 ul of 
Faststart DNA SYBR Green Master Mix or the SYBR Green TAQ ReadyMix for 
quantitative PCR capillary formulation, 3% DMSO, and 0.5 uM of each hMPV 
primer (see Tables 2 and 4 for sequence ID Nos. and specific combinations of primers 
for amplification, respectively). Cycling conditions typically included an initial 

20 denaturation step of 10 min. at 94°C, followed by 50 cycles of 15 s at 94°C, 5 s at 
54°C, and 30 s at 72°C. However, the cycling conditions could slightly vary 
according to the hMPV gene to amplify. 

The person skilled in the art of nucleic acid and/or signal amplification knows the 

2 5 existence of other rapid amplification procedures such as ligase chain reaction (LCR), 

reverse transcriprase PCR (RT-PCR), transcription-mediated amplification (TMA), 
self-sustained sequence replication (3SR), nucleic acid sequence-based amplification 
(NASBA), strand displacement amplification (SDA), branched DNA (bDNA), 
cycling probe technology (CPT), solid phase amplification (SPA), rolling circle 

3 0 amplification technology (RCA), solid phase RCA, anchored SDA and nuclease 

dependent signal amplification (NDSA) (Persing, 1993, Diagnostic Molecular 
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Microbiology: Principles and Applications, American Society for Microbiology,... 
Washington, DC. 88-109; Lee, 1997, Nucleic Acid Amplification Technologies: 
Applications to Disease Diagnosis, Baton Publishing, Boston, MA- 61-125; Westin et 
al., 2000, Nat. Biotechnol. 18:199-204). The scope of this invention is not limited to 
5 the use of amplification by PCR, but rather includes the use of any nucleic acid • 
amplification method or any other procedure which may be used to increase the 
sensitivity and/or the rapidity of nucleic acid-based diagnostic tests. The scope of the 
present invention also covers the use of any nucleic acid and/or signal amplification 
and detection technology including real-time or post-amphfication detection 
10 technologies, any amplification technology combined with detection, any 
hybridization nucleic acid chips or array technologies, any amplification chips or 
combination of amplification and hybridization chip technologies. Detection and 
identification by any nucleotide sequencing method is also under the scope of the 
present invention. 

15 

Any oligonucleotide, useful for diagnosis, and which are derived from hMPV 
sequences and used with any nucleic acid amplification and/or hybridization 
technologies are also under the scope of this invention. 

20 Detection of amplification products 

Classically, the detection of PCR amplification products is performed by standard 
ethidhun bromide-stained agarose gel electrophoresis. Using this approach, primers 
specific for a nucleotide sequence from either the nucleocapsid (N), phosphoprotein 

25 (P), matrix (M), fusion (F), polymerase (L), glycoprotein (G), genes generated 
amplicons of various lengths depending on the selected primers pairs (Table 4). It is 
however clear that other detection methods of amplified products may be faster, more 
sensitive, and more practical. Amplicon detection may also be performed by solid 
support or liquid hybridization using stain-specific internal DNA probes hybridizing 

30 to an amplification product Such probes may be generated from sequences from our 
repertory (Table 1) and designed to specifically hybridize to DNA amplification 
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products which are objects of the present invention. Ampiicons can also be 
characterized by DNA sequencing. Alternatively, a rapid detection method developed 
with real-time PGR assays consists of determining the specific melting temperature of 
ampiicons at the end of the amplification reaction. 

5 

In a preferred embodiment, detection of hMPV ampiicons was characterized using the 
melting curve analysis feature of a real-time PGR instrument Briefly, following the 
last amplification cycle on a LightCycler instrument, the internal temperature was 
. rapidly increased to 94°C then decreased to 60°C for 30 seconds, followed by slowly 

1 0 increasing to 94°C at a rate of 0. 1*C per second, with continuous fluorescence lecture. 
Using this procedure, the specific melting temperature obtained with the specific 
ampiicons produced by the pairs of primers specific for the N (SEQ ID No 92+94), M 
(SEQ ID No 100+101), F (SEQ ID 97+98), P (SEQ ID No 102 +103) and L (S£Q ID 
No 1 12 + 1 13) gene sequences was found to he S2.63°C ± 0.87°C, 82.75 Q C ± 0.$0°C, 

15 83.29°C ± 0.45°C, S0.48°C ± 0.46°C, and 77.99 ± 0.33*C> respectively (Table 5 and 
see also Figure 1 for example of the melting temperature obtained for different hMPV 
strains wiih the N primers). Alternatively, we also designed specific adjacent and 
TaqMan fluorescent probes for the various hMPV gene products (N, M, F, G, P and 
L) that can be used for real-time detection and quantification of ampiicons (Table 3). 

20 Here, quantification of hMPV gene products is achieved through fluorescence 
resonance energy transfer (FRET) when the two probes hybridize nearby on a 
complementary DNA sequence. Other types of detection methods including the use of 
TaqMan or molecular beacon probes specific for the hMPV sequences described 
above are also under the scope of this invention. 

25 

Typing of hMPV 



Previous studies have shown that two major genotypes of hMPV circulate in North 
America and Europe (van den Hoogen et al„ 2001, Nat Med. 7:719-724; Boivm et 
30 al, 2002, J. Infect Dis,. 186:1330-1334). We also designed a rapid molecular typing 
method for epidemiologic studies based on amplification of a portion of the F (fusion) 
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glycoprotein (primer sequence ID Nos. 97 and 98, Tables 2 and 4) followed by DNA 
sequencing or* digestion with restriction enzymes (ApaL I and Avr II). Table 6 
summarizes the size of the F fragments obtained for different hMPV isolates 
following enzymatic digestion and the corresponding genotype (see also Figure 2 for 
5 an example of the band pattern following electrophoresis on an agarose gel). 
Alternative typing methods based on the use of type-specific hMPV F primers and/or 
probes as well as DNA sequencing of amplified products are also within the scope of 
this invention, hMPV subtyping using similar methodologies for the other surface 
glycoprotein (i.e. the G gene) may also be used. 

10 

A method for detection of a. plurality of potential hMPV strains having different 
genotypes may be conducted in separate reactions and physical enclosures, one type 
at the time. Alternatively, it could be conducted simultaneously for different types in 
separate physical enclosures, or in the same physical enclosures. In the latter scenario 

15 a multiplex PCR reaction could be conducted which would' require that; the 
oligonucleotides are all capable of annealing with a target region under common 
conditions. Since many probes or primers are specific for a determined genotype, 
typing an hMPV strain is under the scope of the present invention. When a mixture of 
oligonucleotides annealing together with more than one type of hMPV is used in a 

20 single physical enclosure or container, different detection labels would be used to 
distinguish one type from another. 

The diagnostic kits, primers antiVor probes mentioned above can be used to detect 
and/or identify hMPV, whether said diagnostic kits, primers and probes are used for 
in vitro or in situ applications. The said samples may include but are not limited tor 
25 any clinical sample, any environmental sample, any viral culture, any tissue, or any 
cell line. 

It is also an object of the present invention that said diagnostic kits, primers and/or 
probes can be used alone or in combination with any other assay suitable to detect 
30 and/or identify other microorganisms (i.e. viruses, bacteria, fungi, and parasiies) 
including but not limited to: any assay based on nucleic acids detection, any 
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immunoassay » any enzymatic assay, any biochemical assay, any lysotypic assay, any 

serological assay, any culture on specific cell lines, and any infectivity assay on 

animals. 

5 in the methods and kits described herein below, the oligonucleotide probes and 
amplification primers have been derived from larger sequences (i.e. DNA fragments 
of at least 10b base pairs). All DNA sequences have been obtained either from our 
proprietary sequences (Table 1) or from SEQ ID No. 1 from public databases. 

10 It is clear to the individual skilled in the art that oligonucleotide sequences other than 
those described in the present invention and which are appropriate for detection 
and/or identification of hMPV may also be derived from the proprietary fragment 
sequences or selected public database sequences. For example, the oligonucleotide 
primers or probes may be shorter but of a length of at least 10 nucleotides or longer 

1 5 than the ones chosen; they may also be selected anywhere else in the proprietary DNA 
fragments cr in the sequences selected from public databases; they may also be 
variants of the same oligonucleotide. If the target DNA or a variant thereof hybridizes 
to a given oligonucleotide, or if the target DNA or a variant thereof can be amplified 
by a given oligonucleotide PCR primer pair, the converse is also true : a given target 

20 DNA may hybridize to a variant oligonucleotide probe or be amplified by a variant 
oligonucleotide PCR primer. Alternatively, the oligonucleotides may be designed 
from said DNA fragment sequences for use in amplification methods other than PCR- 
Consequently, the core of this invention is the detection and/or identification of 
hMPV by targeting -DNA sequences which are used as a source of specific and 

25 ubiquitous oligonucleotide probes and/or amplification primers. Although the 
selection and evaluation of oligonucleotides suitable for diagnostic purposes require 
much effort, it is quite possible for the individual skilled in the art to derive, from the 
selected DNA fragments, oligonucleotides other than the ones listed in Tables 2 and 
3 which are suitable for diagnostic purposes. When a proprietary fragment or a public 

3 0 database sequence is selected for itsspectficity and ubiquity (i.e. ability to detect all 
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hMPV str ains) , it increases the probability that subsets thereof will also be specific 
and ubiquitous. 

The proprietary DMA fragments have been obtained as a repertory of sequences 
5 created by amplifying hMPV nucleic acids with proprietary primers. These primers 
and the repertory of nucleic acids as well as the repertory of nucleotide sequences are 
further objects of this invention (Tables 1-3). 

As part of the design rules, all oligonucleotides were evaluated for their suitability for 
10 hybridization or PCR amplification by computer analysis using standard programs 
(i.e. the GCG Wisconsin package programs, the primer analysis software Oligo™ 6 
and MFOLD 3.0). The potential suitability of the PCR primer pairs was also 
evaluated prior to their synthesis by verifying the absence of unwanted features such 
as long stretches of the same nucleotide and a high proportion of G or C residues at 
15 the 3 T end (Persing, 1993, Diagnostic Molecular Microbiology: Principles and 
Applications, American Society for Microbiology, Washington, DC- 88-109). 
- Oligonucleotide amplification primers were synthesized using an automated DNA 
synthesizer (Applied Biosystems). 

2 0 The oligonucleotide sequence of primers or probes may be derived from either strand 

of the duplex DNA. The primers or probes may consist of the bases A, G, C, or T or 
analogs and they may be degenerated at one or more chosen nucleotide position(s) 
(Nichols et aLj 1994, Nature. 369:492-493). Primers and probes may also consist of 
nucleotide analogs such as Locked Nucleic Acids (LNA) (Koskhin et aL, 1998, 
25 Tetrahedron Lett. 54:3607-3630), and Peptide Nucleic Acids (FNA) (Egholm et aL, 
1 993, Nature. 365:566-568). The primers or probes may be of any suitable length and 
may be selected anywhere within the DNA sequences from proprietary fragments, or 
from selected database sequences which are suitable for the detection of hMPV. 

3 0 Variants for a given target microbial gene are naturally occurring and are attributable 

to sequence variation within that gene. For example, different strains of the same viral 



BNSDOCID: <WO 2004057021 A2J_> 



WO 2004/057021 



PCT/CA2003/001994 



23 

species may have a single or more nucleotide variation(s) at the oligonucleotide 
hybridization site. The person skilled in the art is well aware of the existence of 
variant nucleic acids. and/or sequences for a specific gene and that the frequency of 
sequence variations depends on the selective pressure during evolution on a given 
5 gene product. The detection of a variant sequence for a region between two PCR 
primers may be demonstrated by sequencing the amplification product In order to 
show the presence of sequence variations at the primer hybridization site, one has to 
amplify a larger DNA target with PCR primers outside that hybridization site. 
Sequencing of this larger fragment will allow the detection of sequence variation at 

10 this primer hybridization site. A similar strategy may be applied to show variations at 
the hybridization site of a probe. Insofar as the divergence of the target nuoleic acids 
and/or sequences or a part thereof does not affect significantly the sensitivity and/or 
specificity and/or ubiquity of the amplification primers or probes, variant microbial 
"DNA is under the scope of this invention. Variants of the selected primers or probes 

1 5 may also be used to amplify or hybridize to a variant target DNA. 

In an other aspect of the invention there is also provided newly isolated human 
mctapneumoviruses deposited with Ihtemational Depository Authority of Canada on 
•December 11 2003 and bearing IDAC numbers 111203-01 and 111203-02 (also 

2 0 referred herein as CAN 97-S3 and CAN 98-75 respectively). 

In a further aspect of the invention the diagnostic method is designed at performing 
simultaneous detection of nucleic acids from a variety of respiratory viruses using 
specific primers and/or probes. The method is aimed at detecting and/or quantifying 
25 conserved viral sequences from respiratory viruses for diagnostic purposes. Target 
nucleotide sequences were selected public databases and from viral strain sequences 
obtained in the inventor's laboratory. 

The specific respiratory viral pathogens targeted by the diagnostic assays include all 

3 0 genotypes of influenza A and B viruses, hRSV, hMPV, PIV, adenoviruses, 

rhinoviruses, and enteroviruses. Other less common (corona-viruses, rcovinxses) and 
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yet to discover respiratory viruses are also targets under the scope of the present 
invention. 

The specific combination of oligonucleotides (primers and/or probes) in a multiplex 
5 format is also another object "of this invention. . 

Composition of matters such as diagnostic kits comprising amplification primers 
and/or probes for the detection of respiratory viruses are also objects of the present 
invention. 

10 

Anrpl:fi cation of viral sequences 

In a preferred embodiment, a PCR protocol is used for nucleic acid amplification. 
Multiplex assay, aimed at amplifying- a plurality of respiratory viruses in the same . 
1 5 physical enclosure, is an object of the present invention. 

"We aim ot developing DNA-based tests or diagnostic lcits to detect and identify most 
respiratory viruses in a limited number -of amplification reactions using specific 
primers (Table 10) and/or probes (Table 1 1). Although some of the primer sequences 

20 used for amplification of the various respiratory viruses, with the exception of hMPV 
(SEQ. ID. Nos. 95 and 96 or 1 12 and 1 14), PRM (SEQ, ID. Nos. 147 and 148), PIV- 
3 (SEQ. ID. Nos. 151 and 152), and adenovirus (SEQ. ID. Nos. 153), have been 
described previously by others (Touchier et al., 2Q0O, J. Clin. Microbiol. 38:4096- 
4101 for influenza A virus / SEQ. ID. Nos.139 and 140; li et al., 2001, J. Clin. 

25 Microbiol. 39:696-704 for influenza B virus / SEQ. ED. Nos. 141 and 142; Mazulli et 
al., 1999. J. Infect. Dis. 180:1686-1689 for hRSV / SEQ. ID. Nos. 143 and 144; 
Osiowy et al., 1998, J. Clin. Microbiol.. 36: 3149-3154 for VIVA, PIV-3, and 
adenovirus / SEQ. ID. Nos. 145 and 146, 149 and 150, and 154 and 155, respectively; 
Atroar et al., 1993, J. Clin. Microbiol. 31; 2544-2546 for ihinovirus and enterovirus / 

30 SEQ. ID. Nos. 160 and 161) and that one influenza A primer (SEQ. ID. No. 139) is 



BNSDOCID: <WO 2004057021A2_I_> 



WO 2004/057021 



PCT/CA2003/001994 



25 

almost identical to the one described in another patent (U.S. patent number 
6,015,664), the object of the present invention is to combine many sets of primers 
and/or probes in the same physical enclosure (multiplex format). 

5 Briefly, viral RNA was extracted from 200 pi of naso-pharyngeal aspirates or other 
respiratory tract samples using the QIAamp Viral RNA Mini kit (QIAGEN, 
Mississauga, ON, Canada). Complementary DNA (cDNA) was then synthesized 
using 10 y\ of the RNA preparation, 0.75 pM of random hexamer primers (Amersham 
Pharmacia Biotech, Baic d'Urfe, QC, Canada), 300 copies of an interna! control 

1 0 template, and the Omniscript Reverse Transcriptase Kit (QIAGEN, Mississauga, ON, 
Canada) following the manufacturer's instructions, The internal control template 
consisted of a 554 or 558 bp (depending on the multiplex assay) transcribed region of 
an herpes simplex virus type 2 DNA polymerase region flanked by either influenza B 
or rhinovirus/enterovirus complementary primer sequences (depending on the 

1 5 multiplex assay) cloned in the pDrive plasruid (QIAGEN). 

For DNA amplification by the widely used PCR-method, primer pairs were mostly 
derived from public database sequences (Table 10). During DNA amplification by 
PGR, two oligonucleotide primers binding respectively to each strand of the heat- 
20 denatured target DNA from the viral genome are used to amplify exponentially in 
yitro the target DNA by successive thermal cycles allowing denaturation of the DNA, 
annealing of the primers and synthesis of new targets at each cycle (Persing, 1993, 
Diagnosis Molecular Microbiology: Principles and Applications, American Society 
for Microbiology, Washington, D.C., 8 8- 1 09). 

25 

In a preferred embodiment, cDNA was amplified using a real-time PCR procedure 
with the LC Faststart DNA Master SYBR Green 1 Kit (Roche Diagnostics, Laval 5 
QC, Canada) or the SYBR Green TAQ ReadyMix for quantitative' PCR capillary 
formulation (Sigma-Aldrich, Oakville, ON) in a LightCycier instrument (Roche 
3 0 Diagnostics). Bach reaction had a total volume of 20 ul including 2 ul of cDNA and 
18 ul of a reaction mixture containing 4 mM MgCl 2 > 2 pi of LC Faststart DNA SYBR 
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Green 1 Master Mix or the SYBR Cfreen TAQ ReadyMix for quantitative PCR 
capillary fomuktiori* 3% DMSO, and 0.3-1.0 ulvl of each viral primer (see Tables 
10, 12, and 13 for primer sequence ID NOs., length of arnplicons, and specific 
combination of primers, respectively). Cycling conditions typically included an initial 
5 denatoration step of 10 min at 94*0, followed "by 50 cycles of 15 s at 94°C, 5 s at 
58°C 1 and 25 s at 72 P C. However, the .cycling conditions could vary slightly 
according to the multiplex PCR assay. 

In a preferred embodiment, two real-time multiplex PCR assays were used to amplify 
10 and detect the panel of common respiratory viruses (Table 13). The respiratory-1 
multiplex assay combines 4 sets of primers for amplification of influenza A and B 
viruses, hRSV, hMPV, and an internal control template. The respiratory-2 multiplex 
assay comprises 4 other sets of primers for amplification of PIV-1, PIV-3, 
adenoviruses, rriinoviruses/enteroviruscs, and an internal control template. The use of 
15 any other combinations of the same or sirnilar primer sequences in two or more than 
two multiplex assays for detection of common respiratory viral pathogens is also 
under the scope of this invention. 

The person skilled in the art of nucleic acid amplification knows the existence of other 
20 rapid amplification procedures such as ligase chain reaction (LCR), reverse 
transcriptase PCR (RT-PCR), solid phase PCR, transcription-mediated amplification 
(TMA), self-sustained sequence replication (3SR), nucleic acid sequence-based 
amplification (NASBA), strand displacement amplification (SDA), branched DNA 
(bDNA), cycling probe technology (CPT), solid phase amplification (SPA), rolling 
25 circle amplification technology (RCA), solid phase RCA, anchored SDA, and 
. nuclease dependent signal amplification (NDSA) (Persing, 1993, Diagnosis Molecular 
Microbiology: Principles and Applications, American Society for Microbiology, 
Washington, D.C., S8-109; Lee, 1997, Nucleic Acid Amplification Technologies: 
Application to Disease Diagnosis, Eaton Publishing, Boston, MA*, 61-125; "Westin et 
3 0 aL, 2000, Nat Biotechnoll 8: 199-204). The scope of this invention is not limited to 
the use of amplification by PCR, but rather includes the use of any nucleic acid 
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amplification method or any other procedure which may be used to increase the 
sensitivity and/or the rapidity of nucleic acid-based diagnostic tests. The scope of the 
present invention also covers the use of any nucleic acids amplification and detection 
technology including real-time or post-amplification detection technologies, any 
5 amplification' technology combined with detection, any hybridization nucleic acid 
chips or array technologies, any amplification chips or combination of amplification 
and hybridization chip technologies. Detection and identification by any nucleotide 
sequencing method is also under the scope of the present invention. 

10 Detection of amplification products 

Classically, the detection of PCR amplification products is performed by standard 
ethidium bromide-stained agarose gel electrophoresis. Using this approach, the 
amplicons may be discriminated based on their size. In the present invention, the 

.15 length of ihe different amplicons varies from 84 to 929 bp (Tabic 12). It is however 
clear that other detection methods of amplified products may be faster, more sensitive, 
and more practical. AmpKcon detection may also be performed by solid support or 
liquid hybridization using strain-specific, internal DNA probes hybridizing to an' 
amplification pioduot Such probes may be generated from sequences designed to 

2 0 specifically hybridize to DNA amplification products which are objects of the present 
invention. Amplicons can be also characterized by DNA sequencing. Alternatively, a 
rapid detection method developed with real-time PCR assays consist of determining 
the specific melting temperature of amplicons at the end of the amplification reaction. 

25 The detection of viral amplicons was first characterized using the melting curve 
analysis feature of a real-time PCR instrument Using this procedure, the different 
viral targets amplified in each of the multiplex PCR assays could by differentiated by 
their specific melting temperature (Table 13 and Fig, 7 and S). Alternatively, specific 
fluorescent probes (Table 11) for each viral target can be used for real-time detection 

30 and quantification of amplicons in a single amplification/detection assay. Real-time 
quantification of viral products can be performed through a variety of fluorescence- 



3NSDCCID: <WO 2004057021 A2_l_> 



WO 2004/057021 



PCT/CA2003/001994 



28 

based technologies such as adjacent probes, Taqman probes, and molecular beacons. 
Alternatively, these probes may be used in a separate post-amplification step. 

The diagnostic kits, primers and probes mentioned above can be used to detect and/or 
5 identify respiratory viruses, whether said diagnostic kits, primers and/or probes are 
used for in vitro or in situ applications. The said samples may include but are not 
limited to: any clinical sample, any environmental sample, any viral culture, any 
• tissue, and any cell line. 

10 It is also an object of the present invention that said diagnostic kits, primers and/or 
probes can be used alone or in combination with any other assay suitable to detect 
and/or identity and /or quantify microorganisms, including but not limited to: any 
assay based on nucleic acids detections any immunoassay, any enzymatic assay, any 
biochemical assay, any serological assay, any culture on specific cell lines, and any 

1 5 infectivity assay on animals. 

In the methods and kits described herein, the oligonucleotide probes and amplification 
primers have been derived from larger sequences (i.e. DNA fragments of at least 100 
base pairs). It is clear to the individual skilled in the art that oligonucleotide sequences 
20 other than those described in the present invention and which are appropriate for 
detection and/or identification of any respiratory viruses may also be derived from 
those selected in the present invention. For example, the oligonucleotide primers or 
probes may be shorter but of a length of at least 10 nucleotides or longer than the ones 
chosen; they may also be variants of the same oligonucleotide. If the target DNA or a 

2 5 variant thereof hybridizes to a given oligonucleotide, or if the target DNA or a variant 

thereof can be amplified by a given oligonucleotide PCR primer parr, the -converse is 
also true; a given target DNA may hybridize to a variant oligonucleotide probe or be 
amplified by variant oligonucleotide PCIt primers. Alternatively, the oligonucleotides 
may be designed for use in amplification methods other than PCR. Consequently, one 

3 0 aspect of the present invention is the simultaneous detection and/or identification of 

various respiratory viruses by targeting nucleic acid sequences which are used as a 
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source of specific and ubiquitous oligonucleotide probes and/or amplification primers. 
Although the selection and evaluation of oligonucleotides suitable for diagnostic 
purposes require much effort, it is quite possible for the individual skilled in the art to 
derive, torn the selected oligonucleotides (listed in Tables 10 and 11), other 
5 oligonucleotides which are suitable for diagnostic purposes. 

Thus, the specific primers and/or probes selected for amplification and detection of 
respiratory viruses and their specific combination in multiplex assays are object of 
this invention (Tables 10-13). 

10 

EXAMPLES: 

Example 1: Evaluation of different primers for hMPV detection 

15 

An evaluation of the sensitivity of different hMPV primer sets in a real-time PGR 
assay was performed using 20 positive hMPV cultures grown in LLC-MK2 cells and 
10 naso-pharyngeal aspirate specimens. These samples were collected in the Quebec 
City area (QC, Canada) over a period of 3 years (2000-2002). Viral RNA was 

2 0 prealably extracted from 200 uJ of viral culture supernatants or naso-pharyngeal 
aspirates using the QlAamp Viral RNA Mini Kit (QIAGEN). Complementary DNA 
was synthesized using 10 ul of eluted RNA, 0.75 uM of a specific hMPV primer 
(Table 2, sequences ID Nos. 91, 97, 100, 102, 112), and the Ornniscript Reverse 
Transcriptase Kit (QIAGEN, Mississauga, ON, Canada) following the manufacturer's 

25 recommendations. Complementary DNA was amplified using a real-time PCR 
procedure with the LC Faststart DNA Master SYBR Green 1 Kit (Roche Diagnostics, 
Laval, QC, Canada) in a LightCycler instrument (Roche Diagnostics). Each reaction 
had a total volume of 20 yd including 2 jaI of RT mixture and 18 pi of a reaction 
mixture containing 4 mM MgCl 2l 2 \i] of Faststart DNA SYBR Green Master rjlix, 

30 3% DMSO, and 0.5 MM of each hMPV primer (Tahle 4: sequence ID Nos.: 92 and 94; 
100 and 101; 97 and 98; 102 and 103; and 112 and 113, for the nucleoprotein (N), 
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matrix (M), -fusion (F), phosphoprotein (P), and polymerase (L) genes respectively). 
Cycling conditions typically included an initial denaturation step of 10 min, at 94°C t 
followed "by 50 cycles of 15 s at 94°C, 5 s at 54°C 9 and 30 s at 72°C However, the 
cycling conditions could slightly vary according to the hMPV gene to amplify. 
5 Detection of hMPV amplicons was characterized using the melting curve analysis 
feature of a real-time PGR instrument. Briefly, following the last amplification cycle 
on a LightCycler instrument, the internal temperature was rapidly increased to 94° C 
then decreased to 60°C for 30 seconds, followed by slowly increasing to 94 P C at a 
rate of 0.1 °C per second, with continuous fluorescence lecture. 

10 

Using this procedure, the specific melting temperature obtained with the hMPV 
amplicons produced by the primers specific for target genes coding for N, M, F, P and 
L proteins was found to be S2.63°C ± 0.87°C, 82.75'C t 0.80*C, 83.29°C ± 0A5°C, 
80.48°C ± 0.46°C, and 77.99 ± 0.33 9 C, respectively. As shown in Table 5, a real-time 
15 PCR assay using primers complementary to the N gene successfully amplified RNA 
from all 20 cultures and 10 olinical specimens. In contrast, hMPV primers specific for 
the M, F, P, and L genes had sensitivities of only 70%, 63.3%, 50%, and 89.7% 
respectively. Thus, primers aimed at amplifying the hMPV N gene appear to target 
more conserved regions of the hMPV genome and, consequently, were selected for 

2 0 further detailed evaluation (see example 2). 

Example 2:Validation of a real-time PCR assay for the hMPV nucleoprotein (N) 
gene in a pediatric population 

25 An hMPV N plasmid was constructed by subcloning the amplified hMPV N region in 
the plasmid pDrive (QIAGEN, Mississauga, ON, Canada). The new plasmid was 
transcribed using the RNA Transcription Kit (Stratagene, Vancouver, BC, Canada) 
for sensitivity analysis. Using the previously described RT procedure (N primer, 
sequence ID No. 91) and real-time PCR protocol (N primers, sequence ID Nos. 92 

3 0 and 94) reported in example 1, the sensitivity of the assay was estimated at 100 copies 

per reaction with a specific melting temperature of 82 °C. The assay was found to be 
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specific with no amplification signal observed when viral cultures positive for the 
human respiratory syncytial virus, the parainfluenza viruses, the influenza viruses A 
and B, and the adenoviruses were tested. The real-time PCR assay for the hMPV N 
gene was subsequently validated in a prospective case-control study in children below 
5 the age of 3 years hospitalized at Laval University Hospital Center (CHUQ-CHUL) in 
Quebec City, Canada, during the winter season of 2001-02, Cases consisted of 
children hospitalized for a respiratory syndrome whereas controls consisted of 
children hospitalized during the same period for a surgery with no respiratory 
symptoms. At admission, a nasopharyngeal aspirate was collected for viral antigen 
10 tests, viral cultures, and RT-PCR studies for influenza A and B viruses, the human 
respiratory syncytial virus (hRSV), and the hMPV N gene. 

No virus was detected in any of the samples from the 51 control children- Among the 
208 cases tested by real-time PCR for hMPV, hRSV, influenza A and B viruses, the 

15 posirivity rates were 5.8%, 51.0%, 21.6%, and 0%, respectively. Viral culture was 
positive for hMPV in only 2 cases whereas the real-time hMPV PCR assay far the N 
gene was positive for 12 cases including the 2 positive by viral culture. All positive 
hMPV PCR results for the N gene were confirmed by a second PCR assay targeting 
the hMPV fusion (F) gene and by the use of DNA sequencing which indicated the 

20 presence of multiple hMPV strains clustering in the two previously-reported F 
genotypes. Thus, the real-time PCR assay describes in this invention appears to be 
much more , sensitive than conventional viral culture for the detection of hMPV in 
clinical samples. 
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Example 3 : Typing of hMPV clinical strains using restriction enzyme analysis 

We designed a rapid molecular typing method for hMPV epidemiological studies 
based on amplification of a portion of the fusion (F) gene which is then digested with 
specific restriction enzymes. Briefly, a 759-bp fragment of the hMPV F gene was 
5 amplified by a real-time PCR procedure as described in example 1 using specific 
primers (sequence ID Nos. 97 and 98), After PCR amplification, two aliquots (10 uL) 
. of the PCR product were digested during 2 hours at 37°C with 1 0 units of ApaL I and 
4 units of Avr II (New England Biolabs, Mississauga, ON, Canada) according to the 
manufacturer's recomrnendatioiis. Digested products were then loaded on an 1% 
1 0 agarose gel for electrophoresis. 

Table 6 summarizes the size of the F fragments obtained for different hMPV isolates 
following enzymatic digestion and the corresponding genotype as defined by DNA 
sequencing and phylogenetic studies. In brief, all hMPV isolates belonging to the 
1 5 genotype F-I were digested by ApaL I (fragments of 532 and 227 bp) but not by Avr 
II whereas those belonging to the genotype F-II were digested by Avr II (fragments of 
447 and 312 bp) but not by ApaL I (see Figure 2 for an example of the band pattern 
following electrophoresis on an agarose gel). 

2 o Example 4 : A prospective case-control study for defining the role of respiratory 
viruses in children hospitalized for acute respiratory tract infections 

Summary 

The human metapneumovirus (hMPV) is a new paramyxovirus recently isolated from 
25 young children with respiratory syndromes. The objectives of this study were to 
estimate the relative contribution of hMPV in children's hospitalization for acute 
respiratory tract infections (ART!) and to define its clinical presentation and seasonal 
pattern. 
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We evaluated the percentage of hospitalizations for ARTI in children aged 0-3 years 
attribuate to hMPV and other respiratory viruses in a prospective case-control study 
during the winter/spring seasons of 2002. We used multiplex real-time PCR assays 
and other conventional diagnostic methods to detect hMPV, the human respiratory 
5 syncytial virus (hRSV), and the influenza viruses in nasopharyngeal aspirates of 
children. 

PTMPV was detected m 12 (5.8%) of the 208 children hospitalized for ARTI as 
compared to 1 1 S (56.7%) for hRSV and 49 (23 .6%) for influenza A. In contrast, none 

10 of the 51 controls harbored any of the respiratory viruses. Most hRSV and influenza 
infections occurred in January and February whereas the peak hMPV activity was in 
March and April. The peak age for hospitalizations for hRSV and hMPV infections 
was < 3 months and 3-5 months, respectively. Diagnoses of bronchiolitis and 
pncumomu* were made in respectively 67% and 17% of hMPV-infected children 

15 compared to 84% and 25% for those with hRSV infection. None of the hMPV- 
infecrcd children was admitted to the intensive care unit compared to 15% for those 
u-ith hRSV or influenza A infections. 

HMPV causes significant morbidity in young children and its clinical presentation is 
20 si milar although less severe than that of hRSV. 

Introduction 

The human metapneumovirus (hMPV) is the first human member of the new 
Mctcpneurnovints genus within the Paramyxoviridae family (van denHoogen BG, de 
25 Jong JC, Gxoen J, et al.. Nat Med 2001;7:71 9-24; van den Hoogen BG et aL Virology 
2002;295:119-32.) The human respiratory syncytial virus (hRSV) belongs to a 
separate genus within the same family (Taxonomy V. Seventh Report of the 
International Conunhtee on Taxonomy of Viruses. Academic, San Diego, 2000.). 

3 0 HMPV has been recently identified in nasopharyngeal aspi rates of children and adults 
suffering from a range of respiratory tract infections in various parts of the world (van 
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den Hoogen BG, de Jong JC, Groen J, et al. Nat Med 2001;7:719-24; Nissen MD, et 
al. Med J'Aust 2002;176:1S8; Peret TC, Boivin G, Li Y, et al. J Infect Dis 
2002;185:1660-3; Stockton J, et al. Emerg Infect Dis 2002;8:897-901). The clinical 
syndrome of the infected children encompasses mild respiratory problems to 
5 bronchiolitis and pneumonitis (van den Hoogen BG, de Jong JC, Groen J, et al. Nat 
Med 2001;7:719-24; Pelletier G, et al. Emerg Infect Dis 2002;8:976-8; Boivin G a 
Abed Y, Pelletier G, et al J Infect Dis 2002; 1 86:1330*4). 

Using reverse-transcription polymerase chain reaction (RT-PCR), the rate of hMPV 
10 detection in nasopharyngeal aspirates (NPA) of pediatric patients with unexplained 
ARTI varied between 1.5 and 10% (van den Hoogen BG, de Jong JC, Groen J 3 et al. 
Nat Med 2001;7:719-24; Nissen MD, et al, Med J Aust 2002; 176: 188). These 
retrospective studies are small, excluded patients who tested positive for other viruses, 
only superficially describe the clinical features of the disease and lack 
15 morbidity/mortality data. In absence of a control group, these studies cannot 
differentiate if hMPV is a colonizing or a pathogenic virus. More recently, Stockton et 
al identified hMPV RNA in 2.2% of 405 specimens from patients with influenza-like 
illnesses who consulted general practitioners in England although few swabs were 
collected from children < 5 years (Stockton J, et al. Emerg Infect Dis 2002;8:S97- 
20 901). 

The objectives of this study were to estimate the relative contribution of hMPV in 
children's hospitalization for acute respiratory tract infectious (ARTI) and to define 
its clinical presentation and seasonal pattern. 

25 
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Materials and Methods 

Study design. Participants were children aged < 3 years hospitalized between 
December 15, 2001 and April 20, 2002 at Laval University Hospital Center (CHUQ- 
CHUL) in Quebec City, Canada. Cases were admitted for an ART! (bronchiolitis, 
5 pneumonitis, laiyngotracneobronchitis, etc...) whereas controls were hospitalized for 
an elective surgery and had no respiratory symptoms or fever. Children hospitalized 
twice were counted as two cases. At admission, after; signed consent was obtained 
from their parents, all children had an NPA (1-2 ml) collected and tested for hRSV 
antigen (TestPack, Abbott Laboratories, Abbott Park, IL). The specimen was frozen at 

10 -S0°C until subsequent RT-PCR studies. Additionally, viral cultures, direct 
immunofluorescence staining, and microbiological testing were performed according 
to the treating physician. A standardized questionnaire was completed at admission by 
* a single research nurse with the parents. At the end of the hospitalization, the 
children's charts were reviewed to collect clinical and laboratory data. The study was 

15 approved by the CHUQ-CHUL research ethics board. 

1WA extraction and cDNA synthesis. Viral RNA was extracted from 200 ul of 
NPA specimens using the QLAamp viral RNA Mini Kit (QIAGEN, Mississauga, ON, 
Canada). Complementary cDNA was synthesized using 10 ul of elutcd RNA and the 

20 Omniscript Reverse Transcriptase, kit (QIAGEN). Random hexatner primers 
(Amersham Pharmacia Biotech, Baie d'Urfe, QC, Canada) were used in the RT step 
of the multiplex respiratory PCR assay whereas a specific primer (5- 
TGGGACAAGTGAAAATGTC - 3') serves to synthesize hMPV cDNA in a separate 
PCR assay. An internal control (300 copies) consisting of a 534-bp transcribed region 

25 of the pDriye plasmid (QIAGEN) flanked by influenza B complementary primer 
sequences (see below) was spiked in the RT reaction of the multiplex respiratory PCR 
assay to verify the presenoe of PCR inhibitors. 

RT-PCR assays and phylogenetic studies. The multiplex respiratory PCR assay 
3 0 was designed to amplify conserved regions of the influenza A (SEQ. ID Nos. 139-140) 
(Fouchier RA, et al. J Clin Microbiol 2000;38:4096-101) and B (SEQ. ID Nos. 141- 
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142) (Li J, Chen S, Evans DH. J Clin Microbiol 2001;39:696-704) matrix genes as 
well as the fusion gene of hRSV (SEQ. ID Nos. 143-144) (Mazzulli T, Perot TC, 
McGeer A, et aL J Infect Dis 1999il80:1686-9). 

5 Complementary DNA was amplified using a real-time PCR procedure with the LC 
Faststart DNA Master SYBR Green 1 Kit (Roche Diagnostics, Laval, Quebec, 
Canada) in a LightCycler instrument (Roche Diagnostics). Each reaction had a total 
volume of 20 |ul including 2 ul of cDNA and 18 jlJ of a reaction mixture containing 
2.4 mM MgCl 2 , 2 |xJ of Faststart DNA SYBR Green Master Mix, 3% DMSO, 0.3 mM 

10 each of influenza A and B primers, and 0.8 mM of hRSV primers. The thermal 
cycling incubations consisted of an initial denaturaiion step at 94°C for 10 rnin, 
followed by 50 cycles of 15 s at 94°, 5 s at 5S°C, and 25 s at 72°C. At the end of each 
cycle, the fluorescent signal was measured at a wavelength of 530 nM using the 
Lip.h:Cy:lcr Fluorhneter. The melting curve analysis program of the LightCycler was 

15 used ro identify specific 'PCR products of influenza A (Tm: 85°C), influenza B (Tm: 
S3 C C), hRSV (Tm; 79 0 C), and the internal control (Tm: 92°C). The sensitivity of the 
multiplex respiratory PCR assay was estimated at 50 copies for each viral target when 
mixed with 300 copies of the internal control. 

.20 A specific PCR assay was designed for amplification of the hMPV Nucleoprotein (N) 
gene in the LightCycler instrument. The sequences of the forward (MPV-NCS) and 
reverse (MPV-NCA) primers were respectively 5 -GAGTCTCAGTACACAATTAA- 
3' (SEQ ID NO 92) and 5 '-GCATTTCCGAGAAC AACAC-3* (SEQ ID NO 94). The 
specific cDNA was amplified using conditions similar to those of the multiplex 

25 respiratory PCR assay except that 0.5 mM of each primer was added to the master 
mix. Cycling conditions included an initial denaturation step of 10 min at 94°Cj 
followed by 50 cycles of 15 s at 94°C, 5 s at 54 D C f and 30 s at 72°C. The melting 
temperature of the amplified hMPV N fragment was 82°C and the sensitivity of the 
PCR assay was 100 copies. For phylogenetic studies, nucleotide sequences were 

3 0 detenrdned from amplified hMPV F (fusion) gene products then analyzed using the 
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neighbor joining algorithm and Ximura-2 parameters. (Boivin G, Abed Y, Pelletier G 5 
eya. J Infect Dis 2002;186:1330-4). 

hMPV in the general population. To further assess the seasonal distributiom 
5 affected age groups and frequency of hMPV, we compared data from the study to 
those of the general population derived from the viral cultures found positive for 
hMPV in our regional virology diagnostic laboratory, the only one performing viral 
cultures for the Quebec City area (population approximately 600 000). Respiratory 
specimens were inoculated in 96-well plates containing ten cell lines (MDCK, LLC- 
10 MK2, Hep-2, human foreskin- fibroblast, Vero, mink lung, A-549, 
rhabdomyosarcoma, 293, and HT-29) then incubated for a period of 21 days. A 
positive cytopathic effect was confirmed by immunofluorescence testing using 
monoclonal antibodies or by RT-PCR (hMPV). 

"•.5 Statistical analyses. Proportions were compared by the % 2 test 



Results 

The study population included a total of 208 hospitalized cases with ART! (including 
8 children who were admitted twice) and 51 children who served as controls. 

20 

Description of the study population and viral etiologies. The age distribution of 
children with ARTI is presented in Fig. 3: 56% (1 16) were male and 44% (92) were 
female. Hospitalization was the highest in infants < 3 months of age and steadily 
decreased thereafter. Most (90%) children had no underlying medical conditions at 
25 admission. 

All 208 cases had an NPA. The mean delay between the onset of symptoms and 
collection of NPA was 6 days (median 4 days). This delay did not differ for the 
different viruses detected. All 208 cases were tested by PCR, 204 had an. hRSV 
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antigen detection test, 100 had a direct examination procedure for other viruses, and 
100 had a viral curhrre. At least one respiratory virus was detected in 164 (79%) cases 
whereas none was detected in 44. Twelve children (5.8%) were positive for hMPV, 
118 (56.7%) for hRSV, 49 (23.6%) for influenza A, and none for influenza B (Table 
5 7). There was no PGR testing for adenoviruses and PIV type 2 hut these two viruses ■ 
were found in 6% and 2%, respectively, of the 100 viral cultures or antigenic assays. 
Single virus infections occurred in 141 (86%) of the 164 positive cases and mixed 
infection was present in 23 (14%). Two of the 12 hMPV infections were rnixed 
(hMPV-influenza and hMPV-hRSV). The other combinations were lu^SV-irifluenza 
10 A (IS cases), hRS V-adenovirus (2), and influenza A-adcnovirus (1). 

Among the 208 cases tested by PCR for hMP V, hRSV, influenza A and B viruses, the 
positivity rates were 5.8%, 5 1 .0%, 2 1 .6%, and 0%, respectively (Table 7). In addition, 
16 other cases had one of the four latter respiratory viruses identified only by culture 
15 (3 influenza A and one hRSV), only by an antigen detection test (10 hRSV and one 
influenza A) or by both culture and antigen detection test (1 hRSV)- Among the 8 
children hospitalized twice, none had the same viral infection at both admissions. The 
combinations observed were hMPV - hRSV (2), hMPV - no virus (1), hRSV - no 
virus (2), hRSV - influenza (2), no virus - no virus (1). 

20 

The biweekly distribution of cases with respiratory tract viruses is shown in Fig. 4. 
hRSV and influenza A infections occurred predominantly between January and 
March, whereas hMPV infections occurred mostly in March and April. The 
proportion of children with vrrologically-corifiirned respiratory tract infection 
25 decreased after February. 

Clinical features of cases. The distribution of the age distribution by different viral 
infections is shown in Fig. 3. While the peak age for hMPV infection was 3-5 months, 
it was before 3 months for hRSV infection. For influenza A, it spread evenly during 
3 0 the first year of life. The pealc age for mixed infection was 6-1 1 months and decreased 
thereafter. Gender was distributed evenly with each virus group but more males 
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(70%) had mixed viral infections. The majority (75% with hMPV, 93% with hRSV, 
90% with influenza A virus infection) of the children in different etiological groups 
had no medical underlying condition?. Three (25%) children with hMPV infection 
had a cardiac disorder, one having concomitant cardiac, pulmonary, and neurological 
5 problems. 

Signs and symptoms recorded with the different respiratory viruses were generally 
similar except for the vomiting which occurs more frequently with hMPV infections 
(p = 0.05) (Table 8). The mean and median duration of hospitalization was similar for 

10 hMPV, hRSV and influenza A viruses being respectively 5.5 and 4.5, 5.8 and 5.0, and 
4.9 and 4.0 days. Of note, one third of ruMPV-irifected children were hospitalized 
more than 7 days. None of the children with hMPV infection was admitted to the 
intensive care unit (ICU) contrasting with 15% and 16% of children with hRSV and 
influenza A, respectively. There was no death as part of this study. The duration of the 

1 5 hospitalization in children with no detectable virus was shorter than that in children 
with single or mixed infection (Kmskal-Wallis Test, p < .0001), Two-thirds of the 
children were given antibiotics during their hospitalization, independently of the 
etiology of their respiratory disease. 

2 0 At hospital discharge, a final diagnosis of bronchiolitis was given to 67% of children 
with hMPV, 84% with hRSV, and 51% with influenza A (p O.001) (Table 9). Otitis 
occurred in about half of children with hMPV, hRSV, and influenza A infections. 
Pneumonitis was less frequently diagnosed in children with hMPV compared to those 
with hRSV or influenza A (17%, 25%, and 37%> p=0-22). Final diagnoses were 

2 5 similar with single and mixed infections. 

Controls. There were 51 children in the control group, 29 (56.9%) males and 22 
(43.1%) females. The age distribution of the controls was similar to that of the cases 
(Fig. 3) as was the period of hospital admission (Fig. 4). None of the controls had a 

3 0 virus detected by PCR. 
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hMPV in the general population. The regional virology laboratory received 1505 
respiratory specimens for viral culture between January 1 and June 30, 2002. In total, 
36 (including two study participants) or 2.9% were positive for hMPV; 24 (66.6%) 
in children < 2 years of age, 5 in those 2 to 4 years, 4 in adults 30-49 years, and 3 in 
5 those 70 years , or older. Most cases (81%) were isolated over a two-month period 
(from March 23 to May 18 ) (Fig. 5). When comparing the seasonal distribution of 
hMPV in hospitalized children (study population) and in the general population, it 
appears that the study in hospitalized children did not cover the entire hMPV season 
as it was stopped just after the peak time of hMPV transmission (April 6-20). 

Phylogenetic analyses of hMPV strains. The 12 hMPV strains isolated in the 
prospective study clearly clustered into two F lineages with nine strains belonging to 
group 1 and three to group 2 (Fig. 6). Seven of the 9 group 1 strains had identical F 
gene sequences. At the nucleotide level, there was 84-85% similarity between groups 
versus 98-100% (group 1) and 93-99% (group 2) similarity within groups. There were 
fewer differences at the amino acid level i.e. 94-96% similarity between groups versus 
99-100% (group I) and 98-99% (group 2) among strains within the same group. 
Although there was a trend for more recent strains to cluster in group 2, the 
correlation between genotypes and date of hospitalization was not perfect as two 
strains detected on the same day (No. 216 and 217) belonged to two different F 
lineages. 

Discussion 

Our prospective study has revealed important clinical and epidemiological features 
" 25 related to hMPV. First, our data indicate that hMPV is really a respiratory pathogen. 
Second, we found that it contributes to ART! leading to children's hospitalization in 
proportion similar to adenoviruses or PIV but significantly less than hRSV and 
influenza viruses. Inird, the symptoms and complications associated with hMPV 
were indistinguishable from those caused by hRSV. Finally, our results suggest that 
3 0 the epidemiology of hMPV infection in children may differ from that of hRSV and 



15 



20 
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influenza viruses both in terms of the age of first acquisition and in the timing of the 
seasonal epidemics. 

Recent studies by our group (Pelletier G 3 et al- Emerg Infect Dis 2002;8:976-8; Boivin 
S G, Abed Y, Pelletier G, et al. J Infect Dis 2002;186:1330-4) and others (van den 
Hoogen BG, de Jong JC, Groen J, et al Nat Med 2001;7:719-24.; Nissen MD et al. 
Med J Aust 2002;176:188; Stockton J, et al, Emcrg Infect Dis 2002;8:S97-90l) had 
suggested that hMPV should be added to the list of human respiratory viral pathogens 
(Dowell SF, Anderson LJ, Gary HE, Jr., et al. J Infect Dis 1996;174:456-62; Treanor 
10 JJ. Respiratory Infections. In: Richman DD, Whitley, RJ., Hayden, F.G., ed. Clinical 
Virology. Vol. 1 . Washington: ASM Press, 2002:7-26). 

The absence of hMPV in respiratory tract of our 51 control children, the absence of 
other respiratory viruses in 83% of the 12 hMPV-infected children arid the severity of 
15 their symptoms (bronchiolitis and/or pneumonitis) provide further evidence that 
hMPV is really a. pathogenic respiratory virus. The absence of underlying medical 
conditions in 75% of the hMPV-infected children further demonstrates its 
pathogenicity. The use of PCR assays was particularly advantageous' for hMPV 
because its growth in culture is fastidious and limited to a few permissive cell lines 

2 0 (Boivin G, Abed Y, Pelletier G, ct al. J Infect Dis 2002;186:1330-4) and because 

rapid antigenic detection tests are currently unavailable. 

Our study provides for the first an estimate of the proportion of ART! hospitalizations 
attributable to hMPV in a pediatric population. During the period ranging from 
25 December 15 to April 20 2002, hMPV accounted for 5.S% of all hospitalizations for 
respiratory tract infections in children aged 0-3 years. This underestimates the real 
proportion as our hospitalization study stopped before the end of the hMPV season 
prevailing in the community (Fig. 5). Although we did not perform PCR testing for 
adenoviruses and PIV, the percentage of hospitalizations caused by hMPV seems 

3 0 similar to that attributable to these two viruses and much smaller than that of hRSV or 

influenza A. 
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One of the most important conclusion of our study is that hMPV disease cannot be 
distinguished on clinical findings from that caused by hRSV and influenza A (Tables 
8 and 9) but tended to be somewhat less severe with fewer pneumonia and no 
5 admission in the JCLL Nevertheless, hMPV infection was associated with a significant 
clinical and economical burden as shown by a mean hospital stay of 5.5 days and one- 
third of hMPV-infected cases being hospitalized for > 7 days. 

A small serological study from the Netherlands showed that all children over the age 
10 of 5 years had hMPV antibodies suggesting a high level of transmission J Data from 
our study suggest that morbidity caused by hMPV is greatest in children < 2 years of 
age as they represented 83% (10/12) of our hospitalized cases and two-thirds of the 
hMPV isolates recovered in our diagnostic virology laboratory. This suggests that 
similar to other paramyxoviruses such as hRSV, the morbidity of hMPV in children 
15 occurs through primo-infection. In contrast to hRSV which peaked during the first 
three months of life, hMPV infections peaked at a slightly older age i.e. between the 
third and fifth month of life. Whether this difference, depends on a longer persistence 
of maternal antibodies or a less efficient transmission mode in the case of hMPV 
would require additional studies. 

20 

During the 4-week period from mid-March to mid-Xpril, hMPV infections clustered 
(11/12 detected) and acoountcd for 18.9% of all hospitalizations for ARTT in children. 
This contrasts with hRSV and influenza A which occurred mostly in January and 
February (Figure 4). Based on passive surveillance (lata from our regional virology 
25 laboratory, the peak time of hMPV transmission in the community occurred between 
April 6-20, 2002, andj continued beyond the end of our study in hospitalized children 
(Fig. 5). Year-long active surveillance studies will be required to better assess the 
seasonal patterns of mjlPV transmission. 

30 As described for hRfev (Mazzulli T, Peret TC, McGeer A, et al J Infect 'Dis 
1999;180:1686-9), several strains of hMPV circulated during a very short period of 
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time (one month) in our study area. The hMPV strains segregated into two F 
subgroups in agreement with previous studies although one strain clearly 
predominated accounting for 583% of all isolates (van den'Hoogen BG, de Jong JC, 
Groen J, et al. Nat Med 2001;7:719-24; Peret TC, Boivin G, Li Y, et al. J Infect Dis 
5 2002;185:1660-3; Boivin G, Abed Y, PeUetier G, et al. J Infect Dis 2002; 1 86:1 330^4). 

Due to the small number of hMPV strains belonging to one of the F subgroup, we did 
not attempt to correlate hMPV genotype with clinical outcome. Such viral 
heterogeneity may allow multiple reinfections throughout life especially in elderly 
10 subjects and immunocompromised patients (Pellerier G, Dery P, Abed Y, Boivin G 
Emerg Infect Dis 2002;8:976-8). 

In conclusion our study supports the concept of the epidemic nature of hMPV 
infection and establishes its role as a significant pathogen in severe ARTI of children. 

Example 5: Determination of the hMPV Load in Clinical Samples Using 
Quantitative Real-time PCR 

20 An evaluation of a quantitative real-time PCR hMPV assay using a TaqMan probe 
was performed using naso-pharyngeal aspirate specimens collected from children and 
adults in Quebec City during the winter seasons of 2001-02 and 2002-03. Viral RNA 
was first extracted from 200 ul of naso-pharyngeal aspirates using the QIAamp Viral 
RNA Mini Kit (QIAGEN) and eluted in a volume of 40 ul. Serial concentrations 

25 (5X1 0 2 to 1X10 9 copies) of a transcribed hMPV plasmid were used to construct the 
standard curve of the assay. Complementary DNA was synthesized using 10 ul of 
eluted RNA from clinical samples or hMPV plasmid dilutions, 50 ng (0.75 uM) of 
random hexamer primers (Amersham Pharmacia Biotech), 0.5 mM of dNTPs, IX 
Omniscript buffer and 4 units, of the Omniscript reverse transcriptase (QIAGEN) in a 

30 final volume of 20 ul. The Teverse transcription (RT) mixture was incubated during 
1.5 hr.at 37°C and inactivated at 70°C during 10 min. Complementary DNA was 
amplified by real-time PCR with a TaqMan probe for the hMPV L gene and ihe LC 
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Master Hybridization Probe Mix (Roche Diagnostics) in a LightCycler instrument 
(Roche Diagnostics). Each reaction had a volume of 20 u1 including 2 ul of RT 
mixture, 4 mM MgC12, 0.3 uM of specific hMPV L primers (sequence ID Nos. 112 
and 1 14), 0.6 uM of a specific hMPV L probe (SEQ. ID. No. 1 27), and 2 ul of the LC 

5 Master Hybridization Probe Mix (Roche Diagnostics). Cycling conditions included an 
initial denauiration step of 30 s at 94°C, followed by 60 cycles of 5 s at 94°C, 5 S at 
56 P C 7 and 25 s at 72°C. A fluorescence lecture was taken after each elongation step 
(Fig. 9 A). A standard curve for the PCR reaction was constructed by plotting cycle 
threshold values against log concentrations of each hMPV plasmid dilution. The 

10 number of hMPV copies present in clinical samples was calculated by interpolating 
cycle threshold values into the assay's standard curve (Fig. 9B). 

Example 6: Determination of hMPV genotypes based on amplification and 
sequencing of the viral F and G genes. 

15 

Deterrriination of hMPV genotypes was achieved by PCR amplification of the F or G 
genes followed by DNA sequencing of the viral amplified products. Different sets of 
primers were used for PCR amplification and DNA sequencing of the F (SEQ. ID. 
2 0 Nos. 97 and 98) and G (SEQ. ID. Nos. 104 and 107 or 108 and 109) genes. Alignment 
of viral DNA sequences was done with the CLTJSTAL W, software version 1.7 for 
Unix and phylogenetic trees were computed by maximum pacsimony, distance and 
maximum likelihood-based criteria analysis using PAUP version 4.0.d8. Phylogenetic 
trees for both the F (Fig. 10A) and G (Fig. 10B) genes from Canadian and non- 
25 Canadian viral isolates revealed the existence of two hMPV groups (genotypes A and 
B) with two subgroups (subtypes 1 and 2) within each group. 

Example 7: Comparison of viral culture and multiplex PCR assay for detection 
of influenza A virus. 

30 

A multiplex PCR assay (including PCR primers defined in SEQ. ID. Nos. 139, 140, 
141, 142, 143, and 144) aimed at detecting influenza A and B viruses and the 
respiratory syncytial virus was used to assess the etiology of severe acute respiratory 
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tract infections (ARTI) necessitating hospitalization in children aged 0-3 years during 
the winter season 2001-02 at the CHUL, an university-based hospital, in Quebec City 
(Canada). Nasopharyngeal (NPA) samples from all 208 children with ARTI were 
tested by multiplex PCR whereas a subset of 100 NPA specimens was inoculated on 
5 Madin Darby Canine Kidney (MDCK) cells for influenza culture. Briefly, viral RNA 
was prealably extracted from 200 ul of naso-pharyngeal aspirates using the QIAamp 
Viral RNA Mini kit (QIAGEN, Mississauga, ON, Canada). cDNA was then 
synthesized using 10 pi of the RNA preparation, 0.75 uM of random hexamer primers 
(Amersharn Pharmacia Biotech, Baie d'Urfe, QC, Canada), 300 copies of an internal 

10 control template, and the Omniscript Reverse Transcriptase Kit (QIAGEN, 
Mississauga, ON, Canada) following the manufacturer's instructions. The internal 
control template consisted of a 558-bp transcribed region of an herpes simplex virus 
type 2 DNA polymerase region flanked by influenza B complementary primer 
sequences cloned into the pDrive plasmid (Q1AGEN)- cDNA was amplified using a 

15 rcal-ume PCR procedure with the LC Faststart DNA Master SYBR Green 1 Kit 
(Roche Diagnostics, Laval, QC, Canada) in a LightCycler instrument (Roche 
Diagnostics). Each reaction had a total volume of 20 ul including 2 ul of 
complementary DNA and 1 8 j^I of a reaction mixture containing 4 mM MgCk, 2 \j1 of 
LC Faststart DNA SYBR Green Master 1 Mix, 3% DMSO, 0,3 UM of influenza A 

2 0 and influenza B primers, and 0-8 uM of human respiratory syncytial vims primers 
(Table 10). Cycling conditions included an initial denaturation step of 10 iriin. at 
94°C, followed by 50 cycles of 15 s at 94°C, 5 s at 5S°C, and 25 s at 72 9 C. Detection 
of viral amplicons was characterized rising the melting curve analysis feature of a 
real-time PCR instrument Briefly, following the last amplification cycle on a 

25 LightCycler, the reaction temperature was rapidly increased to 94°C and was then 
decreased to 60°C for 30 seconds followed by a slow increase to 94°C at a rate of 
0.1 9 C pet second, with continuous fluorescence lecture. Using this procedure, the 
amplified products of influenza A, influenza B, hRSV, and the internal control could 
be differentiated by virtue of their specific Tm values i.e. 85, 83, 79, and 91°Cj 
" 30 respectively (Table 13 and Fig. 11). 
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Influenza A virus was detected by multiplex PGR (specific Tin value of 85°C) in 
45/208 (21 .6%) of the samples tested whereas the culture was positive for this vims in 
14/100 (14%) tested NPA samples from children. For the subset of 100 NPA 
specimens tested by both methods, 88 (88%) had concordant results (1 1 positive, 77 
5 negative) whereas discordant results were obtained for 12 (12%) samples (3 
culWVPCR", 9 culture7PCR + ). Assuming that all positive results (by either culture 
or PGR) were true positive, the sensitivity values of the culture and ihe multiplex PGR 
for influenza A virus were 60.9% and 87.0%, respectively. There was no positive 
result for influenza B virus by any detection method as part of this study. 

10 

Examples: Comparison of antigen detection and multiplex PCR assay for 
detection of the human respiratory syncytial virus. 

Same as example 1, except that the multiplex PCR assay was used to detect hRSV 
15 from NPA samples obtained from 211 children' with ARTI and compared with an 
antigen detection test for hRSV (TestPack, Abbott Laboratories, Abbott Park, IL) . 

hRSV was detected by the multiplex PCR (specific Tm value of 79°C) in 109/211 
(51.7%) of the tested samples whereas the hRSV antigen detection test was positive in 

20 93/21 1 (44.1%) tested NPA samples from children. Concordant results were found in 
1S3. (86.7%) samples (87 positive, 96 negative) whereas discordant results were 
obtained for 28 (13.3%) samples (6 antigen"7PCR~, 22 antigenTPCR*)- A second RT- 
PCR assay for detection of another hRSV gene (glycoprotein G) was used to resolve 
the discrepancies (Peret et aL, 1998, J Gen Virol.79:222 1-2229). After the resolution 

25 of the discrepant results, the sensitivity values of the antigen detection test and the 
multiplex PCR for hRSV were 80.5% and 96.5%, respectively. 
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Example 9: Evaluation of multiplex real time PCR assay for Influenza and 
human respiratory syncytial viruses. 

We developed a real-time multiplex PCR assay foe influenza viruses and HRSV using 

5 the melting curve analysis feature of the LightCycler instrument to rapidly distinguish 

i 

viral products. 
Materials and methods 

Study population and antigenic test* Nasopharyngeal aspirates (NPA) were 
10 prospectively collected from children aged 0-3 years hospitalized for ARTI during the 
winter season 2001-02 at a single, university-based hospital, in 'Quebec City (Canada) 
(Boivin, G., et al. 2003. Emerg. Infect Dis. 9:634-640). The study was approved by 
the institutional review board of the Centre Hospitalier Universitaire de Quebec. All 
samples were tested by the multiplex real-time PCR assay whereas antigen detection 
15 tests were performed on a subset of samples upon request by the treating physician. 
An aliquot (750 ul) of fresh NPA was first tested for the presence of HRSV and 
influenza A/B. antigens using respectively the R$V TestPack (Abbott Laboratories, 
Abbott Park, IL) and the Directigen Flu A+B test (Becton Dickinson, Sparks, MD). 
The rest of the specimen was frozen at ~S0°C for a maximum of 3 months before 

2 0 nucleic acid extraction and PCR testing. 

RNA extraction and cJONA synthesis. ViTal KNA was extracted from 200 ul of NPA 
samples using the QIAamp Viral KNA Mini kit (QIAGEN, Missisauga, ON, Canada). 
Complementary DNA was then synthesized using 10 ul of the RNA preparation, 0.75 
25 \xM of random hexamer primers (Amersham Pharmacia Biotech, Bale d'Urfe\ QC, 
Canada), and the Omniscript Reverse Transcriptase kit (QJAGEN) in presence of 300. 
copies of an internal control The internal control template consisted of a 558-bp 
transcribed region of the herpes simplex virus type 2 DNA polymerase gene flanked 
by influenza B complementary primer sequences (see below) cloned into the pDrive 

3 0 plasmid (QIAGEN). 
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Real-time multiplex and couyentional PCR assays. The multiplex PGR respiratory 
assay was designed to amplify conserved regions of the influenza A (Fouchier, R 
A.,et al. . 2000.. J. Clin. Microbiol. 38:4096-4101) and B (Li, J., S. Chen, and D. H. 
Evans. 2001.. J. Clin. Microbiol. 39:696-704) matrix genes as well as the fusion gene 
5 of HRSV (Mazzulli, T. 4 et ai, 1999, J. Infect. Dis. 180:1686-1689). Complementary 
DNA was amplified using a real-time PCR procedure with the LC Paststart DNA 
Master SYBR Green 1 Ht (Roche Diagnostics, Laval, QC, Canada) in a LightCycler 
instrument (Roche Diagnostics). Each reaction had a total volume of 20 pi including 2 
\x\ of cDNA and 18 |il of a reaction mixture containing 2.4 mM MgCk, 2 pi of 

1 0 Faststart DNA SYBR Green 1 Master Mix, 3% DMSO, 0.3 mM of influenza A and B 
primers (SEQ. ID Nos. 139-140 and 141-142), and 0.8 mM of HRSV primers {SBQ. 
ID Nos. K3-144). Cycling conditions included an initial denaturation step of 10 min 
at 94 fi C followed by 50 cycles of 1 5 s at 94*C, 5 s at 58°C, and 25 s at 72°C. At the 
end of each cycle, the fluorescent signal was measured at a wavelength of 530 nM 

15 usinc the LightCycler Fluorimeter. The melting curve analysis program of the 
LightCycler was used to identify specific PCR products. Briefly, following the last 
amplification cycle, the reaction temperature was rapidly increased to 94 °C and was 
then decreased to 60°C for 30 s followed by a slow increase to 94°C at a rate of 0.1 °C 
per s, with continuous fluorescence monitoring. For resolution of discrepant results 

20 between the multiplex PCR assay and antigenic tests, conventional RT-PCR assays 
for detection of the glycoprotein G gene of HRSV (Peret, T. C, et al, 1998. J, Gen. 
Virol. 79:2221-2229) and the M2 gene of influenza A viruses (Klimov, A. L, et al. . 
1995. J. Infect Dis. 172:1352-1355) were performed retrospectively. 

25 Results 

Assay's characteristics. The sensitivity of each individual real-time PCR assay and 
of the multiplex PCR respiratory assay was determined for each target by testing ' 
serial dilutions of transcribed plasmids containing specific viral sequences. The lower 
limit of detection for influenza A, influenza B, and HRSV was found to be 10, 50 and 
3 0 50 copies, respectively, in individual PCR assays whereas it was 50 copies for each 
target (10 out of 10 times for influenza A and 9 out of 10 times for influenza B and 
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HRSV) in the multiplex PCR test. No amplification signal was detected in the real- 
time multiplex assay when testing viral DNA or RNA from adenoviruses, 
• rhinoviruses, enteroviruses (echo 11), parainfluenza viruses 1-3, human 
melapneinnovirus, and herpesviruses (herpes simplex virus type 1 and 2, 
5 cytomegalovirus, and varicella-zoster virus). Specific melting temperature (Tm) 
values were first determined by testing a set of clinical isolates and vaccine strains (1 1 
influenza A/HI, 10 influenza A/H3, 10 influenza B, and 17 HRSV) from different 
years (Table 14). A representative set of results is shown in Fig. 3 I. The mean Tm 
values were 85.27+0.22 , 83.47+0.46, and 79-51±0.30 °C for influenza A, influenza 

10 B, and HRSV corresponding to fragments of 245, 524, and 380 bp, respectively, after 
gel electrophoresis '(Table 14). We found no influence of influenza A subtype (HI and 
H3) and HRSV genotype (A and B) on the Tm values (Table 14). The addition of 300 
copies of the internal control in the assay's master mix resulted in a specific 
amplification peak with a Tm value of 91 & C (558 bp) in the absence of amplified viral 

15 products. 

Evaluation of the multiplex PCR respiratory assay in a pediatric population. The 
multiplex PCR assay was evaluated using extracted RNA from 208 NPA samples 
collected during a prospective pediatric study aimed at assessing the role of the 

2 o human metapneumovirus in hospitalized children (0-3 years) with ART! (Boivin, G. s 

et aL 2003. Emerg. Infect Dis. 9:634-640). The number of positive samples by 
multiplex PCR for influenza A, influenza B 3 and HRSV was found to be 45 (21.6%), 
0 (0%), and 106 (51.0%), respectively. Overall, the rate of positivity for any of the 3 
viruses was 66.8% (139/208) including 5.8% (12/208) of co-infections with influenza 
25 A and HRSV. None of the samples was considered to contain PCR-inhibitory samples 
as verified by the amplification of the internal control in all PCR-negative samples. 
The ranges of Tm values for influenza A-. and HRSV-positive samples were 85.10 ± 
0.39 and 79.60 ± 0.42 £ 'C J respectively. All amplified products with one of the latter 
Tm values were conflrroed as specific viral targets by visualizing the appropriate band 

3 0 on agarose gel. As none of the samples contained influenza B virus sequences (which 

correlates with the very occasional isolation of influenza B viruses in the Quebec City 
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area during the 2001-2002 season), a clinical evaluation of the multiplex PCR assay 
was conducted for influenza A and HRSV only. 

Evaluation of the multiplex PCR respiratory assay for detecting influenza A 
5 vims, From the 20S NPA evaluated by multiplex PCR, a subset of 172 samples were 
.also tested for the presence of influenza antigens using the Directigen Flu A+B test 
(Table 15), Concordant results were obtained for 145 (84,3%) samples including 17 
positive and 128 negative results by the two tests. A total of 27 (15.7%) samples 
showed discordant results with 25 being positive by the multiplex PCR assay only and 

10 two positive by the antigenic test only. In order to resolve the discrepant results, a 
second RT-PCR test targeting a conserved gene (M2) of influenza A viruses was 
performed as reported (Klimov, A. L, et al. . 1995. J. Infect. Dis. 172:1352-1355). As 
shown in Table 15, influenza A virus M2 sequences were detected by the 
conventional RT-PCR assay in 22 (81.5%) of the 27 discordant samples. Using the 

15 M2 RT-PCR assay as the reference test, the sensitivity, specificity, positive predictive 
and negative predictive values of the multiplex real-time PCR assay and the antigenic 
test for influenza A virus were 100%, 97.7%, 92.8%, 100% and 43.6%, 98.5%, 
89.5%, 85.6%, respectively. The multiplex PCR respiratory assay was positive for 
HRSV in 12 (44.4%) of the 27 discordant influenza A samples with 10 of these 

20 samples showing dual HRSV/influenza A infections by the multiplex PCR assay 
(Table 16). The mean cycle threshold (C T ) values, which are inversely correlated with 
the amounts of viral RNA, were 28.1 and 33.0 for PCR-positive/antigen-posirive and 
PCR-posinve/anngen-negative samples, respectively (Table 16). These values 
correspond to approximately 5000 and 50 copies, respectively, when a specific 

2 5 influenza A plasmid was tested in the multiplex PCR assay. 

Evaluation of the multiplex PCR respiratory assay for detecting HRSV. A total of 
204 NPA samples could be evaluated by both the multiplex real-time PCR assay and 
the presence of HRSV antigens using the RSV TestPack (Table 17). Concordant 

3 0 results were found in 172 (84.3%) samples including 83 positive and 89 negative 

results by the two tests. Thirty-two (15.7%) samples had discordant, results with 21 
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being positive by the multiplex PCR assay only and 11 by Ore antigenic test only. 
Conventional RT-PCR tests for the HRSV glycoprotein G (A and B subtypes) were 
performed as previously described CPeret, T. C. 5 et al. 1998. J. Gen, Virol 79:2221- 
2229) to resolve discrepant results. Specific sequences were detected by RT-PCR 
5 assays for the HRSV glycoprotein G gene in 26 (8iJ2%) of the 32 discordant samples 
including 11 A and 15 B strains (Table 18). Using the latter test as "gold standard", 
the sensitivity, specificity, positive predictive and negative predictive values of the 
multiplex real-time PCR assay and the antigenic test for HRSV were 94.5%, 9S.9%, 
99.0%, 94.0% and 81.6%, 94.7%, 94.7%, 81.8%, respectively. Four (66.7%) of the 
. JLO six false-negative HRSV results by -multiplex PCR were positive for influenza A 
(Table 18). The mean C T values of the PCR-positive/antigen-positive and PCR- 
positive/antigen-negative samples were 28.6 and 32.7, respectively (Table 18). These 
values correspond to approximately 1000 and 100 copies, respectively, when a 
specific HRSV plasmid was tested in the multiplex PCR assay. 

Discussion 

In this report, we desoribe a new multiplex real-time PCR assay for the most 
commonly detected respiratory viral pathogens, namely influenza viruses (A and B) 
and HRSV. The key features of this novel assay include its rapidity (turnaround time 
20 of approximately 2h30 including 30 rain for sample preparation, 60 min for RT and 
60 min for real-time PCR including viral identification), and its sensitivity (50 copies 
per assay for eaoh viral target). Our results clearly demonstrate that our multiplex 
real-time PCR assay is more sensitive than commercially-available antigenic 
detection tests for both influenza A and HRSV with the greatest difference in 

2 5 sensitivity noted for influenza viruses. 

Multiplex RT-PCR assays targeting up to nine different respiratory pathogens have 
been previously reported (Fan, I, K. J. Hcnrickson, and L. L Savatski. 1998.. Clin. 
Infect. Dis. 26:1397-1402, Grondahl, B., et al. 1999. J. Clin. Microbiol. 37:1-7, Kehl, 

3 0 S. C> et al. 2001. 39:1696-1701, Osiowy, C. 1998. J. Clin. Microbiol. 36:3149-3,154, 

Stockton, J., et al. . 1998, M J. Clin. Microbiol. 36:2990-2995, Valassina, M., A. M. 
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Cipppne, M. G. Cusi, and P. E. Valensin. 1996. Clin. Diag. Virol. 8:227-232). More 
recently, a TaqMan-based real-time PCR assay for simultaneous detection of 
influenza A and B viruses has also been described (van Elden, L. J., etal. 2001. J. 
Clin. Microbiol. 39:196-200). Compared to conventional multiplex PCR assays, our 
5 real-time PCR test is much more rapid because it avoids additional nested 
amplification and/or hybridization steps required for identification of viral products. 
Furthermore, the real-time amplification procedure minimizes the chances of 
contamination because there is no post-PCR processing of the samples. Although our 
multiplex real-time PCR assay based on melting curve analysis of amplicons does not 

10 permit absolute quantification of the viral targets as in the TaqMan PCR procedure 
(van Elden, L. J., et al. 2001. J. Clin. Microbiol- 39:196-200), it allows for a larger 
number of viral targets to be simultaneously detected since there is no limitation 
related to the capability of the system to detect multiple dyes linked to detection 
probes with distinct emission wavelengths. Eventually, more than three viral targets 

15 could be simultaneously detected in the IightCycler assay assuming the absence of 
interaction between PCR primers and a reproducible and discriminative Tm value for 
each viral amplicon. 

Evaluation of our multiplex real-time PCR assay in a pediatric population with severe 
20 ARTI olearly illustrated its clinical potential. Indeed, our assay identified, a viral 
pathogen (influenza or HRSV) in two-thirds of the hospitalized children. These 
numbers are similar to the ones previously reported by our group in the same 
population using individual real-time assays for these viral pathogens (Boivin, G., et 
al. 2003. Emerg. Infect Dis. 9:634-640). Notably, we were able to show that 6% of 
25 hospitalized children had dual viral infections, a finding that has been reported albeit 
at a lower frequency by other investigators (Grondahl, B., et al. 1999. J. pin. 
Microbiol. 37:1-7, Kehl, S. C, et d. 2001. 39:1696-1701, Osiowy, C. 1998. J. Clin. 
Microbiol. 36:3149-3154). Rapid identification of theses viral pathogens (influenza 
and HRSV) is of paramount importance for isolation purposes in the hospital setting 
3 0 and early institution of specific antiviral therapy (VThitley, R. J., et al. 2001 Pediatr. 
Infect. Dis. J. 20:127-133). We are Currently designing additional multiplex assays 
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based on the Same technology to cover the whole spectrum of respiratory pathogens 
including parainfluenza viruses (PIV), adenoviruses, enteroviruses, and coronaviroses 
(Treanor, J. 2002. Respiratory Infections, p. 7-26, In Riohard J. Whitley, Douglas D. 
Ricnman and Frederick G. Hayden (eds.). Clinical Virology. 2 nd ed. ASM Press. 
5 Washington, D.C.). To this list, we should also add the recently described human 
metapneumovirus which has been reported by our group and others in up to 10% of 
ARTI in hospitalized children (Boivin, G., et al, 2003. Emerg. Infect. Dis. 9:634-640, 
Jartti, T., B. van den Hoogen, R. P. Garofalo, A. D. Osterhaus, and O. Ruuskanen. 
2002.. Lancet 360:1393-1394, Nisscn, M. D., et al 2002. Med. J. Aust 176:188, van 
10 den Hoogen, B. G., J. C. de Jong, J. Groen, T. Kuiken, R. de Groot, R. A. Fouchier, 
and A. D. Osterhaus. 2001., Nat. Med. 7:719-724): 

A specific evaluation of the real-time multiplex PCR assay for influenza A revealed 
that it was twice as sensitive as the rapid antigen detection test in use at our mstitution 

15 during the winter season of 2001-2002. None of the two PCR-negative, antigen- 
positrve samples were confirmed by a second PCR targeting another conserved gene 
(M2) of influenza A whereas most (22/25, 88.0%) multiplex PCR-positive, antigen- 
negative were. In general, the false-negative antigenic test results could be explained 
by low amounts of viral RNA in those NPA samples as demonstrated by high Or 

20 values in the cocresponding real-time PCR assays. Three multiplex PCR test results 
were not confirmed by the influenza A M2 PCR test and were thus considered false- 
positive results. However, as we have not formally evaluated the sensitivity of the M2 
PCR test and since viral cultures were not routinely done, we cannot rule out the 
possibility that such discrepant results were indeed true positive. We and other 

25 investigators have shown the superiority of RT-PCR tests over conventional methods 
(antigenic tests and viral culture) for detecting influenza viruses in clinical samples 
including those sent to me laboratory by mail (Boivin, G., I. Hardy, and A. Kress. 
2001. J. Clin. Microbiol. 39:730-732, Ellis, J. D. M. Fleming, and M. C. Zambon. 
1997. 1996. J. Clk. Microbiol. 35:2076-2082, KeM, S. C., et al. 200L 39:1696-1701, 

30 Steininger, C, et al. 2002. J. Clin. Microbiol. 40:2051-2056, van Elden, L. 1, et al. 
2001. J. Clin. Microbiol. 39:1 96-200). It is now common procedure at our institution 
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to confirm any negative antigenic tests results for influenza A and B by either viral 
culture or RT-PCR considering the high specificity but relatively poor sensitivity of 
the former assays. 

5 For HRSV, the multiplex real-time PCR assay was also found to be more sensitive 
(by approximately 15%) than the rapid antigenic test when a second RT-PCR assay 
for the HRSV gG gene was used to resolve the discrepancies. Most of the false- 
negative antigenic test results could be explained by low amounts of viral RNA in the 
NPA samples as shown by mean Ct values of 32.7 for discordant results compared to 

10 28.6 for concordant positive results. The specificity of the multiplex assay was 
excellent with only one positive result not confirmed by the second PCR test In 
contrast, the multiplex PCR assay missed six cases of HRSV which tested positive in 
both the antigenic test and the second PCR assay for HRSV gG. Notably, four of 
those six samples tested positive for influenza A in the multiplex PCR assay. Thus, 

15 although our multiplex PCR test has the capability of detecting dual infections (as 
seen in 6% of our cases), it is possible that high amounts of one virus could inhibit 
amplification of other pathogens. lt is .noteworthy that the multiplex PCR assay had 
the ability to amplify both HRSV genotypes as shown by the detection of 15 B and 1 1 
A genotypes using specific PCR assays aimed at detecting variable regions of the 

2 0 HRSV gG gene (Mazzulli, T., et al, 1999. L Infect Dis. 180:1686-1689). Although 
the rapid antigenic test had a relatively good performance (sensitivity: 22%, 
specificity 95%) for detection of HRSV in young children, the real advantage of PCR 
probably resides in the adult population where viral titers are lower and where 
antigenic tests are not recommended with upper respiratory tract samples (Englund, J. 

25 A., etal 1996.. 34:1649-1653). 

There are some limitations to our study which are worth mentioning. First, the 
absence of circulation of influenza B viruses during the study period prevents 
adequate validation of . our multiplex assay for this pathogen and in particular for its 
30 ability to detect mixed (influenza B and HRSV) infections. Second, the performance 
of our multiplex PCR assay cannot be generalized to other types of samples (thrpat 



BNSDOCtD: <WO 20O4057021A2_l_> 



WO 2004/057021 



PCT/CA2003/001994 



swabs, sputum) and to other populations (outpatients, adults) at the present time. Also, 
the absence of serological testing in our study may have underestimated the rate of 
viral infections especially for those children who presented late after the onset of 
symptoms. Finally, although it was relatively easy to discrmiinate between the 
5 different viral pathogens based on their specific Tm values only (Table 14), we 
sometimes had to confirm viral amplicons by gel electrophoresis, which increases the 
assay's turnaround time. 

In conclusion, we described a rapid and sensitive multiplex real-time PCR assay for 
1 0 detecting influenza viruses and HRS V in children's NPA samples. This new assay Is 
as specific and much more sensitive than currently-available antigen detection tests 
and could complement the latter in the hospital setting when there is high clinical 
suspicion despite negative results. Future work is needed to expand the panel of viral 
pathogens detected by such rapid molecular methods in order to eventually 
15 circumvent the need for viral cultures. Also, future evaluation of the multiplex PCR 
assay is warranted in the adult population with severe ARTI. 
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Example 10 : Description and Evaluation of the Multiplex Respiratory-1 PCR. 

5 Same as example % except that hMPV primers (as defined in SEQ. ID. Nos. 95 and 
96 or 112 and 114) were added to the multiplex PGR assay (already containing 
primers of SEQ. ID. Nos. 139+140 for influenza A, 141+142 for influenza B, and 
143+144 for hRSV) at a concentration of 0.3 uM. The cycling conditions included an 
amplification step of 50 cycles of 15 s at 94°C, 5 s at 5S°C, and 28 s at 72°C The Tra 

1 0 values determined with the LightCycler instrument were 91°C, 85°C, 83°C, 79°C, and 
82°C/77°C for the internal control, influenza A, influenza B, hRSV, and hMPV N/L 
genes, respectively (Fig. 7A for hMPV N primers of SEQ. 3D. Nos. 95 and 96 and 
Fig. 7B for hMPV L primers of SEQ. ID Nos. 112 and 114). The lower limit of 
detection of the multiplex respiratory-l PCR was 10, 50, 100, and 100 copies for 

15 influenza A, influenza B, hRSV, and hMPV, respectively, in the presence of 500 
copies of an internal control (plasmid flanked by influenza B complementary primer 
sequences). The multiplex respiratory-1 assay was found to be specific with no 
amplification of adenoviruses, enteroviruses, r±rino viruses, parainfluenza viruses 1-3, 
coronaviruses, herpes simplex virus type 1 and 2, varicella-zoster virus, 

2 0 cytomegalovirus, HHV-6, HHV-8, and Epstein-Barr virus. 

* The multiplex respiratory-1 PCR was evaluated with NPA samples from 248 children 
£3 years with acute respiratory tract infections and 108 adults £50 years with 
.exacerbation of chronic obstructive pulmonary disease of pneumonia requiring 

25 hospitalization during the 2002-03 winter/spring period in Quebec City, Canada. In 
children, the detection rate for influenza A, influenza B, hRSV, and hMPV was 9/248 
(3.6%), 4/248 (1.6%), 123/248 (49.6%), and 13/248 (5.2%), respectively. Five (2.0%) 
of the 248 children had a mixed viral infection. None of the NPA samples was found 
to contain PCR-inhibitory substances as shown by successful amplification of the 

30 internal control in all negative samples- In adults, the detection rate for influenza A, 
influenza B, hRSV, and hMPV was 3/108 (2.8%), 0/108 (0%), 13/108 (12.0%), and 
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2/108 (1.3%), respectively. One patient had a mixed viral infection (influenza A and 
hMPV). No samples contained PCR-inhibitory samples. 

Example 11 : Description and evaluation of .the multiplex respiratory-2 PCR. 

5 

Same as example 9, except that the multiplex PGR assay is composed of the following 
PCR primers for detection of parainfmeriza-1 (SEQ. ID. Nos. 147 and 148), 
parainfluenzal (SEQ. ID. Nos. 151 and 152), human adenoviruses (SEQ. ID. Nos. 

10 153 and 155), and rlimoviruses/eateroviruses (S£Q. ID. Nos. 160 and 161). Primers 
are added in the PCR reaction mixture at a concentration of 0.2 pM (SEQ. ID. Nos. 
147 and 151), 0.3 pM (SEQ. ID. Nos. 153 and 155), 0.4 pM (SEQ. ID. Nos. 148 and 
152), and 0.5 pM (SEQ. ID. Nos. 160 and 161). The cycling conditions included an 
amplification step of 50 cycles of 1 5 s at 94°C S 5 s at 58^, ani 26 s at 72 6 C. The Tm 

15 values determined with the LightCycler instrument were 91.0°C, S0-0 p C, 77.5 D C, 
S9.0°C, S2.0°C, and 85.0°C for the internal control, parainfluenza- 1, paiainfhienza-3, 
adenoviruses, rhmoviroses, and enteroviruses, respectively (Fig. 8). The lower limit of 
detection of the multiplex respiratory-2 PCR was 50, 100, 10, 50, and 200 copies for 
parainfluenza- 1, parainfluenza-3, adenoviruses, rhinoviruses, and enteroviruses, 

20 respectively, in the presence of 500 copies of an internal control (plasmid flanked by 
rhino\Trus/enterovirus complementary primer sequences). The multiplex respiratory-2 
assay was found to he specific with no amplification of influenza A,* influenza B, 
hRS V, hMPV, coronavirus, herpes simplex virus type 1 and 2, varicella-zoster virus, 
cytomegalovirus, HHV-6, HHV-8, and Epstein-Barr virus. 

25 

Example 12 : Description of real-time PCR assays for the SARS-coronavinis» 

3 0 Same as example 9, except that the PCR assay is composed uniquely of primers (two 
different possible sets) for the SARS-coronavirus as defined in SEQ. ID. Nos. 1 56j 
157 and 15S-] 59. The concentration of the primers in the PCR reaction mixture is 0,5 
[M. The amplification step included 50 cycles of 15 s at 94°C» 5 s at 58°C, and 20 s 
at 72°C. The Tm for both PCR products is 83°C (Fig. 12). 
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Table 1 : List of JtiMPV sequences revealed in the present invention 



CVC "t r\ TVT f*4 

oEVJ -LD XN U. 


Isolate No. 


i argei gene 


z 


"h"\/TP\7 119. 


iNuCicuprotcm 


3 


WVir V-l /*+ 


Nucle op ro tein 


4 


nMP V-176 


Nucleoprotein 


c 

5 




Nucleoprotein 


6 


U-77SU / • 


Nucl eoprotein 


7 


VW / /4o 


Nucleoprotein 


8 


AMP V-217 


Nucleoprotein 


10 


XiMrV-1 53 


Nucleoprotein 


ll 


hMPV-174 


Nucleoprotein 


12 


nMPV-184 


Nucleoprotein 


■ 13 


hMPV-185 


Nucleoprotein 


14 


C-76837 


Nucleoprotein 


15 


C-77S07 


Nucleoprotein 


16 


C-78123 


Nucleoprotein 


17 


C-78132 


Nucleoprotein 


18 


C-78163 


Nucleoprotein 


19 


C-91205 


Nucleoprotein 


20 


C-91364 


Nucleoprotein 


21 


C-91830 


Nucleoprotein 


22 


hMPV-Q86 


Nucleoprotein 


23 


hMPV-Q97- 


Nucleoprotein 


24 


Can 97-83 


Nucleoprotein 


25 


.Can 98-75 


Nucleoprotein 


26 


Can 98-75 


Fusion type II 


27 


C-67345 


Fusion type I 


28 


Can 97-83 


Fusion type I 


29 


C-68661 


Fusion type I 


30 


C-73750 


Fusion type I 


31 


C-74549 


Fusion typo I 


32 


C-747S3 


Fusion type I 


33 


G-7o8JJ7 


Fusion type I 


34 


C-7774B 


Fusion type I 


jj 




rUMUU lYp<£ 1 


36 


C-78132 


Fusion type I 


37 


C-78163 - 


Fusion type I 


38 • ■' 


C-78406 


Fusion type I 


39 


hMPV^174 


Fusion type II 


40 


hMPV-193 


Fusion type I 


41 


hMPV-194 


Fusion type I 


42 


hMPV-198 


Fusion type I 


43 


hMPV-217 


Fusion type II 


44 


hMPV^208 


Fusion type I 


45 


hMPV-223 


Fusion type I 


46 


hMPV-228 


Fusion type I 
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47 


C-85885 


Fusion type I 


48 


C-60298 


Fusion type I 


49 


C-63778 


Fusion type H 


50 


C-64199 


Fusion type II 


51 


C-64200 


Fusion type II 


52. 


C-64536 


Fusion type 11 


53 


C-73769 


Fusion type II 


54 


074501 


Fusion type II 


55 


C-78429 


Fusion type E 


56 


C-7S562 


Fusion type II 


57 


bMPV-118 


Fusion type 11 


58 


hMPV-200 


Fusion type I 


59 


hMPV-176 


Fusion type I 


60 


hMPV-193 


Glycoprotein . 


•61 


hMPV-228 


Glycoprotein 


62 


C-77748 


Glycoprotein 


63 


C-78132 


Glycoprotein 


64 


C-78406 


Glycoprotein 


65 


C-73750 


Glycoprotein 


66 


C-60298 


Glycoprotein 


67 


C-74783 


Glycoprotein 


68 


C-74549 


Glycoprotein 


69 


C-77807 


Glycoprotein 


70 


C-78163 


Glycoprotein 


71 


C-68661 


Glycoprotein 


.72 


C-88448 


Glycoprotein 


73 


C-88470 


Glycoprotein 


74 


C-S6316 


Glycoprotein 


76 


hMPV-118 


Polymerase 


77 


hMPV-163 


Polymerase 


78 


hMPV-174 


Polymerase 


79 


hMPV-184 


Polymerase 


80 


hMPV-196 


Polymerase 


81 


C-76837 


Polymerase 


82 


C-77807 


Polymerase 


83 


hMPV-185 


Polymerase 


84 


C-78123 


Polymerase 


85 


C-91205 


Polymerase 


86 


C-91364 


Polymerase 


87 . 


C-91749 


Polymerase 


88 


hMPV-Q86 


Polymerase 


89 


bMPV~Q97 


Polymerase 


90 


Can 97-83 


Polymerase 
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Table 2: List of nMPV PCR primers developed in the present invention 







Originating DNA 


SEQ ID NO, 


Target sene 


Position 11 


SEQ n> NO. 


91 


Nucleoprotein (N) 


25 


1 


92 


Nucleoprotein (N) 


97 


1 


93 


Nucleoprotein (N) 


146 b 


1 


94 


Nucleoprotein (N) 


1025 b 


) 


95 


Nucleoprotein (N) 


58 


9 


96 


Nucleoprotein (N) 


986 b 


9 


97 


Fusion (F) 


3052 


1 


98 


Fusion (F) 


3810 h 


i 
i 


99 


Fusion (F) 


467 l b 


1 


100 


Matrix (M) 


2165 


1 


101 


Matrix (M) 


2943 b 


1 


102 


Phosphoprotein (P) 


1248 


1 


103 


Phosphoprotein (?) 


2124 b 


1 


104 


Glycoprotein (G) 


6231 


1 


105 


Glycoprotein (G) . 


6247 


1 


106 


Glycoprotein (G) 


6957 b 


1 


107 


Glycoprotein (G) 


6981 b 


1 


10$ 


Glycoprotein (G) 


6235' 


1 


109 


Glycoprotein (G) 


7227 b 


1 


110 


RNA polymerase (L) 


142 


75 


111 


KNA polymerase (L) 


691 b 


75 


112 


RNA polymerase (L) 


7308 


1 


1)3 


RNA polymerase (L) 


7857 h 


1 


114 


RNA polymerase (L) 


7616 


1 



a Position refers to nucleotide position of 5' end of primer. Oligonucleotides are 17-20 bp in length. 
b Primer is reverse-complement of target sequence. 
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Table 3: Last of hMPV probes developed in the present invention 



SEQ ID NO- 


Target gene 


Origi 






Position 8 


115 


Nucleoprotein (N) 


786 


116 


Nueleoprotein (N) 


808 


U7 


Fusion (F) 


3163 


118 


Fusion (F) 


3187 


119 


Matrix (M) 


2636 


120 


Matrix (M) 


2659 


121 


Phosphoprotein (P) 


1492 


122 


Phosphoprotein (P) 


1518 


123 


Glycoprotein (G) 


6509 


124 


Glycoprotein (G) 


6530 


125 


RNA polymerase (L) 


7600 


126 


RNA polymerase (L) 


7627 


127 


RNA polymerase (L) 


7331 


128 


Nueleoprotein (N) 


824" 


129 


RNA polymerase (L) 


434 



SEQ ID NO. 



9 

75 



n Position refers to nucleotide position of 5' end of probe, Oligonucleotides are 21-25 bp in length. 
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Table 4: Length of amplicons obtained with different hMPV primer pairs which are objects of the 
present invention 



SEQ ID NO. 


Target 


Length of 




Gene 


amplicon 


91+94 


Nucleoprotein (N) 


1001 bp 


92 + 94 


Nucleoprotein (N) 


929 bp 


91+93 


Nucleoprotein (N) 


122 bp 


97 + 99 


Fusion (F) 


1620 bp 


97 + 98 


Fusion (F) 


759 bp 


100+101 


Matrix (M) ' 


779 bp 


102 + 103 


Phosphoprotein (P) 


877 bp 


104 + 107 


Glycoprotein (G) 


751 bp 


105 + 106 


Glycoprotein (G) 


711 bp 


108+109 


Glycoprotein (G) 


993 bp 


112+113 


RNA polymerase (L) 


550 bp 


112+114 


RNA polymerase (L) 


308 bp 
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Table 5: Comparative evaluation of different hMPV primers for detection of hMPV strains 





Type 

OT 

sample 






N 




M 




F 




P 




L 


Strains 


Year 


Primers 




primers 




primers 




primers 


primers 


No. 


SEQ. ID. 


SEQ. ID. Nos. 


SEQ. ID. Nos. 


SEQ. ID. Nos. 


SEQ. ID. Nos. 






Nos. 92+94 




1004-101 




97+98 




102+103 


112 + 113 




IorS 




+/- 

>t 


Tm 

JL 1X1 


+/- 


Tm (°C) 


+/- 


Tm (°C\ 


+/- 


Tm 


+ /- 


Tm 


























C-74501 


I 


2000 


4_ 










81 6S 






j_ 

T , 


7R 14 


C-747S3 


I 


2000 


r 


7£ 


+ 


83.49 








81 ^1 


JL. 


7R 9H 


C-76837 


I 


2000 


1 

~r 


C9 CIA 


4- 


83.43 


+ 


81 17 


+ 


80 86 






C-77719 


I 


2001 


_i_ 

T 


S3 96 


+ 










T 


77 R7 


C-77738 


I 


2001 


\ 

J 


5>o on 














*T* 


77 <1 


C-77748 


I 


2001 


1 

T 


O.3.U0 


4. 




4. 


R1 10 


+ 


R1 97 




77 

/ /.JO 


C-77807 


I 


2001 


T 


£9 Of) 


+ 


81 96 


4- 


81 9S 


4. 


5?0 6S 


a. 


79 


C-78024 


I 


2001 


, 1 
~r 


oZ.Su 


+ 


81 OS 














C-78G28 


I 


2001 


i 

T 


CI 00 














4_ 




C-78123 


I 


2001 


i 

T 


59 














J_ 
*T 


7Q /1C 


C-859S4 


I 


2002 


l 

T 


CO ^o 


+ 




4. 


81 SI 


4- 


70 00 


J_ 
T 


77 Q7 


C- 8 5448 


1 


2002 


_j_ 


OJ.OO 




89 79 






4. 


SO ^ 1 
ou.j 1 




7R RR 


C-859S3 


I 


2002 


_L 
I 


R9 


+ 


83.03 


4. 


S3 88 


4. 


80 46 




7R m 


C-85988 


T 


2002 


+■ 








4- 


84.39 






4 


78 06 


C-86316 


I 


2002 




82 64 


+ 


82.75 


+ 


83.18 


+ 


80.18 


+ 


78 0? 


C-85126 


I 


20.02 


+ 


81 SO 


4- 


82.05 




82.39 




80.00 


+ 


78 04 


C-85473 


I 


2002 


+ 




4- 


82.57 


4- 


82.91 


+ 


80.74 


4. 


77 82 

/ / .Ox. 


C-85332 


I 


2002 


-f. 


Rl 08 














. + 


77 7^ 


C-S5596 


I 


2002 


+ 




+ 


82.73 


+ 


83.17 , 


+ 


SO 35 


4- 


77 SB 


C-S5542 


I 


2002 


4- 


R9 99 




82.72 






4. 


S0.08 


4- 


77 /^7 


HMPV- 


S 


2002 


+ 


82.47 














ND 


ND 


118 


























HMPV- 


s 


2002 


+ 


82.18 




82.06 


+ 


83.16 


+ 


80.17 . 


+ 


78.20 


174 


























HMPV- 


s 


2002 


+ 


81.41 






+ 


83.97 






+ 


77.81 


176 


























HMPV- 


s 


2002 


+ 


82.22 


+ 


81.89 


+ 


83.00 


+ 


80.58 


+ 


77.94 


193 


























HMPV- 


s 


2002 


4- 


82.24 


+ 


81.32 


+ 


82.98 






+ 


77.84 


194 


























HMPV- 


s 


2002 


+ 


82.66 


















198 


























HMPV- 


s 


2002 


+ 


82.53 






+ 


83.46 






+ 


77.62 


200 


























HMPV- 


s 


2002 




82.11 


+ 


81.81 


+ 


83.33 


+ 


80.06 


+ 


78.40 


208 


























. HMPV- 


s 


2002 


+ 


82.13 


+ 


81.58 


+ 


83.01 






+ 


77.76 


217 
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UMPV- S 


2002 + 51.89 


+ 8236 


+ S3 .04 


+ 78,10 


223 










Mean 


82.63 ± 0.87 


82.75 ± 0.80 


83.29 ± 0.45 


80.48 ± 0.46 77.99 ± 0.33 



Note: I = viral isolates; S = clinical specimens; Tin = melting temperature as jdetcnnined by a LightCycler 
instrument. 
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Table 61 Size of the viral fusion (F) gene fragments obtained for different hMPV 
isolates following enzymatic digestion >vith restriction endonncleases 



SEQIDNO. 


Fragments obtained after digestion 
with the restriction endonuclease 


F genotype 11 




ApaLI 


Avrll 




35 


532 bp + 227 
bp 


759 bp 


I 


58 


532 bp + 227 
bp 


759 bp 


T. 


39 


759 bp 


447 bp +312 
bp 


n 


40 


532 bp + 227 
bp 


759 bp 


i 


41 


532 bp +227 
bp 


759 bp 


i 


43 


759 bp 


447 bp + 312 
bp 


n 


44 


532 bp + 227 
bp 


759 bp 


i 


59 


532 bp + 227 
bp 


759 bp 


i 


45 


532 bp + 227 
bp 


759 bp 


i 



5 a As determined by DNA sequencing and phylogenetic studies. 
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Table 10:List of FCR primers used for amplification of respiratory viruses 



Primer 






Originating DNA 
Position* SEO ID NO, 


SEQ ID NO. 


Virus 


Target Gene 


139 


Influenza A 


Matrix 


3? 1 7 


1JU-J. J 1 


140 


Influenza A 


Matrix 


?76 b 1 PS 7 b 


nn-i 31 


141 


Influenza B 


Matrix 


0* 




142 


Influenza B 


Matrix 






143 


RSV 


Fusion 


mi 

i L 4 I 


133 


144 


RSV 


Fusion 




133 


95 


hMPV 


Nucleocapsid 


JO 


Q 


96 


hMPV 


Nucleocapsid 


7dVJ 


n 

y 


no 


hMPV 


Polymerase 




/ J 


111 


hMPV 


Polymerase 






145 


PIV-1 


Nucleocapsid 


OH- 




146 


PJV-0 


Nucleocapsid 


J4/ 


1.54 


149 


PIV-3 


Nucleocapsid 


410 


13D 


150 


prv-3 


Nucleocapsid 


£/10 b 
04V 




154 


Adenovirus 


Hexon 


1 J4 


136 


155 


Adenovirus 


Hexon 




lib 


160 


Entero/Rhinovirus 


5 > -non coding region 


94 ( 7j 


137/1 3 J R 


161 


Entero/Rhinovirus 


5 9 -non coding region / VP2 


746 b /603 b 


• 137/138 


141 


IC C multiplex 1 
IC C multiplex i 
IC C multiplex 2 
IC° multiplex 2 


DNA polymerase HSV-2 


I 


170 


142 


DNA polymerase HSV-2 


558 b 


170 


160 


DNA polymerase HSV-2 


1 


171 


161 


DNA polymerase HSV-2 


554 b 


171 


112 


hMPV 


Polymerase 


730S 


1 


U4 


hMPV 


Polymerase 


. 7616 


1 


147 


PIV-1 


Nucleocapsid 


822' 


134 


14* 


PIV-1 


Nucleocapsid 


1029 


134 


151 


PIV-3 


Nucleocapsid 


792 


135 


152 


PIV-3 


Nucleocapsid 


902 


135 


153 


Adenovirus 


Hexon 


7 


136 


156 


Sars-CoV 


nsp9 






157 


Sars-CoV 


rtsp9 






158 


Sars-CoV . 


nspll 






159 ' 


Sars-CoV 


nspll 







a Position refers to nucleotide position of 5'-cnd of primer. Oligonucleotides are 16-26 bp in 
length. 

h Primer is reverse-complement of target sequence. 

C 1C refers to the internal control used to monitor the efficiency of the PCR amplification 
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Table 11: List of viral probes developed ia the present invention 



Probe 
SEQ ID NO. 


Target 


Originating DNA 
Position 0 SEQ ID NO. 


162 


Influenza A 


114°/ 89" 


130/131 


163 


Influenza B 


383 


132 


164 


hRSV 


1391 b 


133 


128 


hMPV 


824 


9 


129 


hMPV 


434 


75 


165 


PTV-1 


96 


134 • 


166 


PIV-3 


61 6 b 


135 


167 


Adenovirus 


228 


136 


16S 


Rhino virus 


467* 


• 138 


169 


finterovhis 


644 b 


137 


172 


Internal Control 


321 b /325 b 


170/171 



a Position refers to nucleotide position of 5 3 -end of primer. Oligonucleotides are 20-23 bp in 
length, 

b Probe is reverse-complement of target sequence, 

C A modified DNA polymerase gene sequence of herpes simplex virus (HSV) type 2 serves as the 
internal control template. 
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Table 12:Lengtn of araplicous obtained with the different Yiral primer pairs 



Primer 
SEOIDNO. 


Virus 


Target gene 


Length . 
of amplicons 


139 + 140 


Influenza A 


Matrix 


245 bp 


141 + 142 


Influenza B 


Matrix 


524 bp 


143 + 144 


hRSV 


Fusion 


380 bp 


95 + 96 


hMPV 


Nucleocapsid 


929 bp 


110 + 111 


hMPV 


Polymerase 


550 bp 


145 + 146 


HV-1 


. Nucleocapsid 


84 bp 


149 + 150 


prv-3 


Nucleocapsid 


234 bp 


154 + 155 


Adenoviruses 


Hexon 


215 bp 


160 + 161 


Rhinoviruses 


5* -non coding region - VP2 


533 bp 


160 + 161 


Enteroviruses 


5' -non coding region 


653 bp 


141 + 142 


IC multiplex 1 


DNA polymerase HSV-2 


558 bp 


160 + 161 


IC multiplex 2 


DN A polymerase HSV-2 


554 bp 


112+114 


hMPV 


Polymerase 


308 bp 


147 + 148 


prv-i 


Nucleocapsid 


20Sbp 


151 + 152 


PIV-3 


Nucleocapsid 


111 bp 


153 + 155 


Adenovirus 


Hexon 


362 bp 


156+157 


Sars-CoV 


nsp9 


198 bp 


158+159 


Sars-CoV 


nspll 


368 bp 
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13: Selection of primer sets with resulting melting temperature (Tm) values of the 
corresponding amplicons for each multiplex assay 



Primer 








SEQ ID NO. 


Target 


Multiplex NO. 


Tm TO 


139 + 140 
141 + 142 
143 + 144 
95 + 96 or 
112 + 114 


Influenza A 
Influenza B 
hRSV 
hMPV 


3 
1 
1 
1 


85 
S3 
79 
82 or 77 


141 +142 


Internal Control 


1 


91 


147 + 148 
151 + 152 
153 + 155 
160 + 161 
. 160+161 
160 + 161 


Parainfluenza I 
Parainfluenza 3 
Adenovirus 
Rhinovirus 
Enterovirus 
Internal Control 


2 
2 
2 
2 
2 
2 


80.0 
77.5 
89.0 
82.0 
85.0 
91 
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Table 14, Evaluation of the multiplex PGR respiratory assay with temporally- 
different strains of influenza (Flu) and human respiratory syncytial (HRSV) viruses. 



Virus 


Subtype/ 
Genotype 3 


Year 


Type 


Strain 


Tm(°C) 


FluA 


HI 


99-00 


clinical 




85.10 


FluA 


m 


99-00 


clinical 


- 


85.39 


FluA 


HI 


00-01 


clinical 


_ 


85.12 


FluA 


HI 


00-01 


clinical 




8520 


FluA 


HI 


00-01 


clinical 




85.04 


FluA 


HI 


01-02 


clinical 




84.62 


FluA 


rii 


01-02 


clinical 




85.07 


FluA 


HI 


02-03 


clinical 




85.50 


Flu A 


HI 


02-03 


clinical 


- 


8529 


FluA 
FluA 


HI 
HI 


95 
33 


vaccine 
vaccine 


A/Beijing/262/95 
A/WSN/33 


85.06 
85.25 


Mean AB1 










85.15±0.22 


FluA 


H3 


98-99 


clinical 




85.58 


FluA 


H3 


98-99 


clinical 


- 


85.18 


FluA 


H3 


98-99 


clinical 


- 


85.35 


FluA 


H3 


98-99 


clinical 


- 


85.57 


FluA 


H3 


98-99 


clinical 




85.37 


Flu A 


H3 


01-02 


clinical 


- 


85.07 


FluA 


H3 


01-02 


clinical 


- 


85.65 


FluA 


H3 


02-03 


clinical 


- ~ 


84.92 


FluA 
FluA 
MeanAH3 


H3 
H3 


99 
97 


vaccine 
vaccine 


AyPanama/2007/99 
A/Sydney/5/97 


85.18 
85.06 
S5,31±0.25 


Mean FluA 










85.27±022 


FluB 




98-99 


clinical 




83.87 


FluB 




98-99 


clinical 




• 83.12 


FluB 




00-01 


clinical 




83.01 


FluB 




00-01 


clinical 




83.03 


FluB 




00-01 


clinical 




82.88 


FluB 




00-01 


clinical 




83.75 


FluB 




00-01 


clinical 




83.17 


FluB 




02-03 


clinical 




83.89 


FluB 




02-03 


clinical 




83.84 


FluB 




97 


vaccine 


B/Harbin/7/97 


84.12 


Mean FluB 










83.47±0.46 
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Table 14. Evaluation of the multiplex PCR respiratory assay with temporally- 
different strains of influenza (Flu) and human respiratory syncytial 
(HRSV) viruses. (Continued). 



HRSV 


B 


99-00 


clinical 


79.32 


HRSV 


A 


99-00 


clinical 


79.83 


HRSV 


A 


00-01 


clinical 


79.06 


HRSV 


A 


00-01 


clinical 


78.85 


HRSV 


B 


• 01-02 


clinical 


79.34 


HRSV 


B 


01-02 


clinical 


79.52 


HRSV 


• B 


01-02 


clinical 


79.9S 


HRSV 


B 


01-02 


clinical 


79.52 


HRSV 


A 


01-02 


clinical 


79.84 


HRSV 


B 


01-02 


clinical 


79.42 


HRSV 


B 


01-02 


clinical 


79.49 


HRSV 


B 


01-02 


clinical 


79.48 


HRSV 


B 


01-02 


clinical 


79.55 


HRSV 


B 


01-02 


clinical 


79.32 


HRSV 


A 


01-02 


clinical 


79.77 


HRSV 


A 


01-02 


clinical ' 


79.92 


HRSV 


A 


01-02 


clinical 


79.40 



• Mean HRSV-A 79.52±0.43 

j Mean HRSV-B 79.49±Q,19 

1 Mean HRSV 79.51±Q.3Q 

a Subryping was performed by multiplex PCR for the influenza hemagglutinin gene 
(2) whereas genotyping was done by conventional PCR for the HRSV G gene (22) 
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Table 15. Evaluation of the multiplex PCR respiratory assay for detection of 
influenza A (Flu A) vims. 









Antigenic test 


FluAM2 






(Directigen Flu A+B) 


PCR assay a 








(n=172) 


(n-27) 






+ 






Multiplex PCR 




17 


25 


22 3 






2 


128 


0 2 



5 Sensitivity: 39/39 = 1 00% 

Specificity: 130/133 = 97.7% 

Positive predictive value: 39/42 = 92.8% 

Negative predictive value; 130/130 - 100% 

a Only performed for samples showing discordant results with the 

10 multiplex PCR assay and the antigenic test 
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Table 16: Evaluation of discordant test results for influenza A (Flu A) virus. 

Sample No* Multiplex PCR Antigenic test M2 1?CR Other BCR- 
Flu A results <C T ) a Flu A results Flu A results amplified 



viruses 



16 




+ 




HRSV 








+ 




OA 




+ 




HRSV 


& i 


n2o; 




+ ■ 


HRSV 




+(28) 




+ 


HRSV 


JU 






+ 




40 


+(34) 








A1 

°ti> 


+(36). 


» 


+ 


HRSV 


AA 


+(35) 




+ 






+(34) 




+ 




51 


\ J 




+ 


HRSV 


103 






+ 




107 


+(35) 




+ 




114 


+(37) . 








118 


+<38) 




+ 


HRSV 


120 


+(36) 




+ 


HRSV 


125 


+(38) 




+ 




130 


+(35) 




+ 


HRSV 


131 


+(36) 








132 


+(24) 




+ 


HRSV 


134 


+(36) 










+(28) 




+ 




1|52 


+(34) 




+ 




1!58 
f 


+(32) 




+ 




1160 


+(33) 




+ 


HRSV 


$61 


+(28) 




+ 


HRSV 


J 63 


+(32) 




+ 





Cycle threshold value as determined by LigatCycler. \ 7 — ~ 

b Viruses amplified by the multiplex PCR assay i. e. influx (Flu) A and B as well as the human ' 
respiratory syncytial virus (HRSV). 
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Table 17: Evaluation of the multiplex PGR respiratory assay for detection of 
hum an respiratory syncytial virus (HRSV). 

' ~~ Antigenic test HRSVgG 

(RSVTcstPack) assays* 
(a ^204) (n«32) 

__ + : + z_ 

Multiplex PCR + 83 21 20 1 

: 11 89 6 5_ 

5 Sensitivity: 103/109 - 94.5% 

Specificity: 94/95 = 98.9% 
Positive predictive value: 103/104 * 99.0% 
Negative predictive value: 94/100-94.0% 

10 n Only performed for samples showing discordant results with the multiplex PCR 
assay and the antigenic test. 
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Table 18: Evaluation of discordant test results for human respiratory syncytial 
virus (HRSV). 



Sample No. 


Multiplex PCR . 


Antigenic test 


Glycoprotein G PCR 


Other PCR- 




H3RSV results (C T ) B 

- 


HRSV results 


HRSV 
results (genotype) 


amplified Yiruses b 


16 


+(32) 


• 


+ (B) 




17 


+(27). 


- 


+ (B) 




26 


+(36) 


- 


+ (B) 




34 


- 


+ 






35 


+(33) 


- 


+ (B) 


Flu A 


43 


+(36) 


- 


+ (A) 


Flu A 


46 


+(34) 


- 


+ (B) 




55 


+(34) 


- 


+ (B) 




58 


+(33) 


- 


+ (B) 




62 


- 


+ 


+ (A) 


Flu A 


70 


+(37) 


- 


+CB) 




• 71 


+(35) 


- 


+ (B) 




72 


+(34) 


- 


+ (B) 




73 


+(26) 


- 


+ (A) 




79 


+(33) 


- 


. +(B) ; " 




SO 


[ 


+ 


- 




91 


'■ +(35) 


- 


+ (A) 




SO 


+(29) 




+ (B) 




100 


+(30) 




+ (A) 




112 




+ 






129 


1 +(34) 




+ (B) 




130 


i +(35) 




+ (B) 


Flu A 


134 




+ 


+ (A) 


Flu A 


139 




+ 


+ (A) 




142 
144 


i 


+ 


+ (A) 


Flu A 


1 


+ 


+ (B) 


Flu A 


150 


+(34) 








187 


+(31) 




+ (A) 




191 


+(29) 




+ (A) 
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Table 1$: Evaluation of discordant test results for human respiratory syncytial 
virus (HRSV). (Continued). 

193 - + +(A) 

an + 

212 : + : 

a Cycle threshold value as determined by Lightcycler. 

b Viruses amplified by the multiplex PCR assay i. e« influenza (Flu) A and B as well 
as the human respiratory syncytial virus (HRSV). 
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CLAIMS: 

1- A method for detecting and/or quantifying human metapneumovirus (hMPV) 
in a sample said method comprising: 

-providing at least one piobe or primer specific for a nucleic acid sequence of 
5 said hMPV; 

-contacting said at least one probe and/or primer with said sample to allow 
annealing of said probe and/or primer with said nucleic acid sequence; and 

-detecting and/or quantifying said nucleic acid sequence using said annealed 
probe and/or primer. 

.0 

2- Th- method as claimed in claim 1 wherein said nucleic acid sequence is 
comprised in a hMPV gene selected from a group consisting of nucteocapsid (N), 
phosphoprotsin (P), matrix (M), fusion (F), membrane (M2), polymerase (L), 
glycoprotein (G) and small hydrophobic (SEC) genes. 

15 

3- The method as claimed in claim 2 wherein said nucleic acid sequence is 
selectee from any one of SEQ ID NO 2-8, 10-74, 76-90 or fragments thereof. 

4- The method as claimed in claim 3 wherein said probe or primer is at least 10 
2 0 nucleotides in length. 

5- A method for detecting and/or quantifying human metapneumovirus (hMPV) 
in a sample said method comprising: 

25 -performing reverse transcription using a template RNA derived from said 

sample to obtain a nucleic acid product; 

-amplifying said nucleic acid product using a pair of oligonucleotide primers 
wherein said primers are specific for a sequence comprised in a hMPV gene selected 
from a group consisting of nucleocapsid (N), phosphoprotein (P), matrix (M), fusion 
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(F), membrane (M2), polymerase (L), glycoprotein (G) and small hydrophobic (SH) 
genes to produce an amplification product; and 

-detecting and/or quantifying said ampl ification product 

5 6- The method as claimed in claim 5 wherein said oligonucleotide primers are at 
least 10 nucleotides in length and capable of hybridizing with any one of SEQ ID 2-8, 
10-74, 76-90. 

7- Hie method as claimed in claim 5 or 6 wherein said step of performing reverse 
LO transcription comprises contacting said template RNA with a prinier selected from 

SEQ ID Nos 91-114 and wherein said oligonucleotide primers for PCR are selected 
from SEQ ID Nos 91-114. 

8- The method as claimed in any one of claim 5-7 wherein said oligonucleotide 
15 primers are pairs of primers selected from SEQ ID Nos 91 and 94, 92 and 94, 91 and 

93, 97 and 99, 97 and 98, 100 and 101, 102 and 103, 104 and 107, 105 and 106, 108 
and 109, 112 and 113 and 112 and 114. 

9- The method as claimed in claim 5 wherein said template RNA is contacted 
20 with primer selected from SEQ ID NO 91-94 and 112-114 and wherein said 

oligonucleotide primers are selected from SEQ ID NO 91-94 and 1 12-1 14. 

10- The method as claimed in 'any one of claim 5-9 wherein said step of 
amplifying is performed using PCR. 

25 

1 1- The method as claimed in claim 10 wherein said PCR is RT-PCR. 

12- The method as claimed in claim 11 wherein said RT-PCR is real time RT- 
PCR 

30 
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.13- The method as claimed in claim 11 or 12 wherein said RT-PCR comprises 
detecting said amplification products by characteristic melting temperature of said 
amplification products. 

5 14- The method as claimed in claim 11 or 12 wherein said RT-PCR comprises 
detecting and/or quantifying said amplification products with probes specific for said 
products. 

1 5- The method as claimed in claim 14 wherein said probes are selected from SEQ 
LO. ID no 115-129. 

16- A composition for detecting a hMPV said composition comprising a 
combination of oligonucleotides for performing reverse transcription of a template 
RNA from said hMPV virus and for an amplification reaction of a product obtained 

15 from said reverse transcription wherein said oligonucleotides for said amplification 
reaction are specific for a sequence comprised in a hMPV gene selected from a group 
consisting of miclcocapsid (N), phosphoprotein (P), matrix (M), fusion (F), membrane 
(M2), polymerase (L), glycoprotein (G) and small hydrophobic (SH) genes. 

20 17-, The composition of claim 16 wherein said oligonucleotides for said 
amplification reaction are primers selected from the group comprising SEQ ID Nos 
91-1 14 and combination thereof 

IS- A kit comprising a combination of oligonucleotides wherein the oligonucleotides 

2 5 are -selected from: 

SEQ ID NOs: 91-114 and the pairs of SEQ ID Nos 91 and 94, : 92 and 94, 91 
and 93, 97 and 99, 97 and 98, 100 and 101, 102 and 103, 104 and 107j, 105 and 106, 
108 and 109, 1 12 and 1 13 and 1 12 and 1 14. 

3 0 19- A method for typing an hMPV strain which comprises the steps of 
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-amplifying an hMPV nucleic acid fragment and detecting specific viral 
sequences; 

-digesting said fragment with one or more restriction endonuclease; and 
-analysing the restriction fragment length polymorphisms. 

5 

20- The method as claimed in claim 19 wherein said nucleotide sequences are 
found in fusion(F) or glycoprotein (G) gene. 

21- The method as claimed in claim 20 wherein said sequences are selected from 
10 SEQ ID NO 26-74. 

22- A method for detecting and/or quantify! ng two or more respiratory viruses m a 
sample said method comprising: 

-providing at least two probes and/or primers specific for a nucleic acid 
X 5 scqu -nces in said two or more respiratory viruses; 

-contacting said at least two probes and/or primers with said sample to allow 
annealing of said probes and/or primers with said nucleic acid sequences; and 

-detecting and/or Quantifying said nucleic acid sequences using said annealed 
probes and/or primers. 

20 

23- The method as claimed in claim 22 wherein at least one of Said nucleic acid 
sequences is comprised in a hMPV gene selected from a group consisting of 
nucleocapsid (IS), phosphoprotein (P), matrix (M), fusion (F), membrane -(M2), 
polymerase (L), glycoprotein (G) and small hydrophobic (SH) genes, 

25 

24- The method as claimed in claim 23 wherein said nucleic acid sequence is' 
selected from any one ofSEQ ID NO 2-8, 10-74, 76-90 or fragments thereof. 

25- The method as claimed in claim 24 wherein said probes and/or primers are at 
3 0 least 1 0 nucleotides in length. 
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26- A method for detecting and/or quantifying two or more Tespiratory viruses in a 
s ample said method c orriprising: 

5 -performing reverse transcription using a template RNA derived from said 

sample to obtain nucleic acid products for each of said viruses; 

-amplifying said nucleic acid products using two or more pairs of 
oligonucleotide primers to produce an amplification product; and 
-detecting and/or quantifying said amplification products. 
10 ' 

27- The method as claimed in claim 26 wherein at least one of said primers is 
specific for a sequence comprised in a hMPY gene selected from a group consisting 
of nucleocapsid (N), phosphoprotein (P), matrix (M), fusion (F), membrane (M2), 
polymerase (L), glycoprotein (G) and small hydrophobic (SH) genes. 

15 

28- The method as claimed in claim 27 wherein said oligonucleotide primers 
specific for a sequence comprised in a hMPV gene are capable of hybridizing with 
any one of SEQ ID 2-8, 10-74, 76-90. 

20 

29- The method as claimed in claim 28 wherein said oligonucleotide primers are at 
least 10 nucleotides itt length. 

30- The method as claimed m claim 29 wherein said oligonucleotide primer 
25 specific for a sequence comprised in a hMPV gene are selected from SEQ ID Nos 91- 

114. 

31- The method as claimed in any one of claim 26-30 wherein said at least two 
respiratory viruses comprise influenza A and B s human respiratory syncytial viruses A 

30 and B, parainfluenza viruses (fTV) types 1-4, adenoviruses, ihmoviruses, 
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enteroviruses and coronaviruses or any combination thereof and wherein said primers 
and said two or more viruses are selected such that the detection and or quantification 
is specific for each of said viruses. 

5 32- The method as claimed in claim 3 1 wherein said oligonucleotide primers are at 
least 10 nucleotides in length and capable of hybridizing with any one of SEQ ID NO 
130-138 and 170-171. 

i 

33- . The method as claimed in claim 31 or 32 wherein said at least two viruses are 
10 influenza A, human Respiratory syncytial virus, human mcrtapreumovirus and 

influenza B. 

34- The method as olaimed in claim 31 or 32 wherein said at least two viruses are 
Parainfluenza 1, Rhmovirus, Adenovirus, Parainfluenza 3, Enterovirus, and 

15 coronavirus. 

35- The method as claimed in claim 31 wherein said pairs of oligonucleotide 
primers are selected from SEQ ID Nos 139 and 140, 141 and 142, 143 and 144, 92 
and 94, 112 and 113, 112 and 114, 145 and 146, 147 and 148, 149 and 150, 151 and 

20 152, 154 and 155, 153 and 155, 156 and 157, 158 arid 159,160 and 161. 

36- The method as claimed in any one of claim .26-35 wherein said step of 
amplifying is performed using PCR and said primer are selected such that the 
products of the amplifications can be distinguished, 

25 

37- The method as claimed in claim 36 wherein said PCR is RT-PCR- 

38- The method as claimed in claim 37 wherein said RT-PCR is real time RT- 
PCR. 

30 
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39- The method as claimed in claim 37 or 38 wherein said RT-PCR comprises 
detecting said amplification products by characteristic melting temperature of said 
amplification products. 

5 40- The method as claimed in claim 37 or 38 wherein said RT-PCR comprises 
detecting and/or quantifying said amplification products with probes specific for said 
products. 

41- The method as claimed in claim 40 wherein said probes are selected from SEQ 
10 ID no 162-169 and 172. 

42- A composition for detecting at least two respiratory viruses said viruses 
comprising at least hMPV said composition comprising a combination of 
oligonucleotides for performing reverse transcription of a template RNA from said at 

15 least two respiratory viruses and for an amplification reaction of a product obtained 
from said reverse transection wherein said oligonucleotides for said amplification 
reaction comprise oligonucleotides specific for a sequence comprised in a hMPV gene 
selected from a group consisting of nucleocapsid (N), phosphoprorein (P), matrix (M), 
fusion (F), membrane (M2), polymerase (L), glycoprotein (G) and small hydrophobic 

20 (SH) genes. 

43- The composition of claim 42 wherein said oligonucleotides for said 
amplification reaction are primers selected from the group comprising SEQ ID Nos 
91-1 14 and combination thereof. 

25 

44- A method for simultaneously detecting two or more respiratory tract viruses in 
a sample, said method comprising: 
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Selecting primers specific for a nucleic acid sequence in each, of said 
two or more viruses, said primers to be used in an amplification reaction for detection 
of said nucleic acid sequences; 

5 distributing said primers in one or more assay mixture comprising said 

sample and at least two pairs of pri mers; and 

wherein said selecting and said distributing is based on said detection of said nucleic 
acid sequence of said two or more viruses being substantially free of overlap and 
1 0 enabling to distinguish between said two or more viruses. 

45- The method as claimed in claim 44 wherein said amplification reaction is 
PGR. 

15' • 

46- The method as claimed in claim 45 wherein said PCR is RT-PCR 

47- The method as claimed in claim 45 wherein said RT-PCR is real time RT- 
PCR. 

20 ■ . 

48- The method as claimed in claim 24 wherein said detection is melting 

temperature. 

49- An isolated nucleic acid comprising a sequence that hybridizes under stringent 
25 . conditions to a hybridization probe the nucleotide sequence of which consists of any 

one of SEQ tD NO 2-8, 10-74, 76-90 or complements thereof. 

50- A ltit comprising a nucleic acid probe that is at least 10 nucleotides in length and 
is selected from a group consisting sequences hybridizable to SEQ ID Nos 2-8, 10-74, 

3 0 76-90 orfragmcnts-thereof. 
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51- A human metapneuino virus (hMPV) deposited with the International Depository 
Authority of Canada under Accession number IDAC 111203-01 (CAN97-S3). 

5 52- A human metapneumovirus (hMPV) deposited with the International 
Depository Authority of Canada under Accession number IDAC 1 1 1203-02 (CAN98- 
75). 
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SEQUENCE LISTING 

<ilO> Boivin, Guy 

<120> METHOD FOR DETECTING RESPIRATORY VIRUSES 

<13Q> 6013-148PCT 

<150> CA 2,411,264 
<151> 2002-12-19 

<150> CA 2,418,004 
<151> 2003-01-24 

<160> 172 

<17Q> FastSEQ for Windows Version 4.0 

<2X0> 1 
<211> 13350 
<212> DNA 

<213> human met apneumo virus 
<220> 

<221> gene 

<222> CO ... (13450) 

<223> human metapneumovirus, strain 00-1 
Accession number af 3 71337 

<400> 1 

gxataaatta gattccaaaa aaatatggga caagtgaaaa tgtctcttca agggattcac 60 

ctgagtgatt taxcatacaa gcatgctata ttaaaagagt ctcagtacac aataaaaaga 120 

gatgxgggta caacaactgc agtgacacce tcatcaxxgc aacaagaaat aacactgttg 180 

tgtggagaaa txctgtaxgc taaacatgct gactacaaat atgctgcaga aataggaata 240 

caataxatta gcacagcttt aggatcagag agagtgcagc agattctgag gaactcaggc 300 

agtgaagtcc aagtggtctt aaccagaacg tacxctctgg ggaaaattaa aaacaataaa 360 

ggagaagatt tacagatgtx agacatacac ggggtagaga agagcxgggt agaagagata 420 

gacaaagaag caaggaaaac aatggcaacc ttgcttaagg aatcatcagg taatatccca 480 

caaaatcaga ggccctcagc accagacaca cccaxaatct tattatgtgt aggtgcctta 540 

atattcacta aactagcatc aaccatagaa gtgggactrag agaccacagt cagaagggct 600 

aaccg-tgtac taagtgaxgc acxcaagaga taccctagaa tggacatacc aaagattgcc 660 

agatccttct atgacttatt tgaacaaaaa gtgtatcaca gaagtttgtt cattgagtat 720 

ggcaaagcat taggcxcatc atctacaggc agcaaagcag aaagtctatt xgttaaxata 780 

ttcatgcaag cttatggggc cggtxaaaca atgctaaggx ggggggtcat tgccaggtca ■ S40 

tccaacaata taatgttagg acatgtatcc gtccaagctg agttaaaaca ggtcacagaa 900 

gtctatgact tggtgcgaga aatgggccct gaatctggac ttctacattt aaggcaaagc 960 

ecaaaagctg gactgttatc actagccaac tgtcccaact ttgcaagtgt tgttctcgga 1020 

aatgccxcag gcttaggcat aatcggtatg tatcgaggga gagtaccaaa cacagaaxta 1080 

-tttxcagcag ctgaaagtta tgccaaaagx ttgaaagaaa gcaaxaaaat aaaxxtctcx 1140 

tcattaggac ttacagatga agagaaagag gctgcagaac axttettaaa tgxgagtgac 1200 

gacagtcaaa atgattatga gtaattaaaa aagtgggaca agtcaaaatg tcattccctg 1260 

aaggaaaaga tattcttttc atgggtaatg aagcagcaaa attagcagaa gctttccaga 1320 

aaxcattaag aaaaccaggt cataaaagat ctcaatctat taxaggagaa aaagtgaaxa 1380 

ctgxatcaga aacattggaa ttacctacta tcagxagacc tgcaaaacca accatacegx 1440 

cagaaccaaa gttagcatgg acagataaag gtggggcaac caaaactgaa ataaagcaag 1500 

caaxcaaagt catggatccc attgaagaag aagagtctac cgagaagaag gtgctaccct 1560 

ccagtgatgg gaaaacccct gcagaaaaga aactgaaacc atcaactaac accaaaaaga 1620 

aggtttcatt tacaccaaat gaaccaggga aatatacaaa gttggaaaaa gatgctctag 1680 

attxgctcxc agataatgaa gaagaagatg cagaatcxxc aatcttaacc xxtgaagaaa 1740 

gagatacttc atcatxaagc attgaggcca gattggaatc aatagaggag aaattaagca 1800 

tgatattagg gctattaaga acactcaaca trgctacagc aggacccaca gcagcaagag I860 

axgggatcag agatgcaatg attggcgtaa gagaggaatx aatagcagac ataataaagq 1920 

aagccaaagg gaaagcagca gaaaxgatgg aagaggaaat gagtcaacga tcaaaaatac 1580 

gaaatggtag tgtaaaarta acagaaaaag caaaagagct caacaaaatt gxxgaagatg 2040 

aaagcacaag xggagaatcc gaagaagaag aagaaccaaa agacacacaa gacaatagtc 2100 

aagaaoatga caxttaccag ttaattatgt agxttaaxaa aaataaacaa rgggacaapt 2160 

aaaaatggag xcctacctag tagacaccta tcaaggcatt ccttacacag cagcxgttca 2220 

agtxgatcta atagaaaagg acctgttacc tgcaagccxa acaatatggt tccctttgtt 2280 

tcaggccaac acaccaccag cagtgctgct cgatcagcta aaaaccctga caataaccac 2340 

tctgxatgct gcaxcacaaa atggxccaax acxcaaagxg aaxgcatcag cccaaggtgc 2400 
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agcaaxgtcx gtacxtccca aaaaaxxxga agxcaaxgcg actgtagcac tcgatgaaxa 2460 

tagcaaactg gaattcgaea aacxcacagx ctgtgaagta aaaacagttt acttaacaac 2520 

catgaaacca tacgggatgg tatcaaaatx tgtgagctca gccaaatcag xxggcaaaaa 2580 

aacacatgat ctaatcgcac xaXgtgattt tatggatcta gaaaagaaca cacctgxxac 2640 

aataccagca ttcatcaaat cagxttcaax caaagagagt gagtcagcta ctgttgaagc 2700 

xgctaxaagc agtgaagcag accaagctct aacacaggcc aaaattgcac ctxaxgcggg 2760 

axxaatxaxg axcatgacta tgaacaatcc caaaggcata xxcaaaaagc ttggagctgg 2820 

gacxcaagxc atagtagaac taggagcaxa tgxccag.gcx gaaagcataa gcaaaatatg 2880 

caagacrtgg agccaxcaag ggacaagata tgtcxxgaag tccagataac aaccaagcac 2940 

cttggccaag agctactaac ccxatcxcat agatcaxaaa gtcaccattc xagxtaxata 3000 

aaaaxcaagx tagaacaaga attaaatcaa tcaagaacgg gacaaataaa aaxgxcxxgg 3060 

aaagtggtga xcatxxxxtc attgttaata- acaccccaac acggtcttaa agagagctac 3120 

ttagaagagt catgtagcac xaxaacxgaa ggatatctca gxgttcxgag gacaggtxgg 3180 

tacaceaaxg txxttacacx ggaggtaggc gatgtagaga accxtacaxg tgccgatgga 3240 

cccagcttaa taaaaacaga attagacctg accaaaagtg cactaagaga gctcagaaca 3300 

gtttcxgctg atcaactggc aagagaggag caaattgaaa atcccagaca axcxagaxxc__ 3360 

gttctaggag caatagcact cggtgttgca actgcagctg cagttacagc aggtgttgca 3420 

attgccaaaa ccatccggcx tgaaagtgaa gtaacagcaa ttaagaatgc cctcaaaaag 3480 

accaaxgaag cagtaxctac axtggggaat ggagttcgtg tgttggcaac tgcagtgaga 3540 

gagctgaaag axxttgtgag caagaatcxa acacgtgcaa xcaacaaaaa caagtgcgac 3600- 

attgctgacc tgaaaatggc cgttagcxtc agtcaatxca acagaaggxx cctaaatgtx 3660 

gtgcggcaat xxtcagacaa cgctggaaxa acaccagcaa tatctxtgga cxtaatgaca 3720 

gaxgctgaac tagccagagc tgttxccaac atgccaacat etgcaggaca aataaaactg 3780 

atgxtggaga accgtgcaat ggxaagaaga aaagggttcg gattcctgat aggagtxtac 3840 

ggaagctccg xaatttacat ggxgcaactg ccaatctttg gggttaxaga cacgccttgc 3900 

tggatagtaa aagcagcccc ttctxgttca ggaaaaaagg gaaactatgc ttgccxctta 3960 

agagaagacc aaggatggta ttgtxaaaat gcagggtcaa ctgtxxacta cccaaatgaa . 4020 

alagactgxg aaacaagagg agaccatgtc tttxgcgaca cagcagcagg aaxcaatgtx 4080 

Qctgagcagx caaaggagxg caacataaac atatcxacta ctaattaccc atgcaaagtt 4140 

agcacaggaa gacatcctax cagtaxggtt gcactatcxc cxetxgggge xxxggttgct 4200 

xgctacaagg gagtgagctg xtccatxggc agcaacagag xagggaxcat caagcaactg 4260 

aacaaaggcx gctctxatat aaccaaccaa gacgcagaca cagxgacaax agacaacact 4320 

gtataccagc xaagcaaagt tgaaggcgaa cagcatgtta taaaaggaag gccagtgtca 4380 

igcagctxxg acccagtcaa gxxtcctgaa gatcaaxxca atgttgcacx xgaccaagxt 4440 

ttcqagagca xtgagaacag xcaggccxtg gtggatcaat caaacagaax cctaagcagt 4500 

gcagagaaag gaaacactgg ctxcatcaxx gtaataaxtc taaxxgctgt ccttggcxct 4560 

accaxgatcc xagtgagxgt tttxatcata axaaagaaaa caaagaaacc cacaggagca 4620 

•cctccagagc tgagtggtgx cacaaacaat ggcxxcatac cacataaxxa gttaaxtaaa 4680 

aataaagtaa attaaaataa axxaaaatta aaaataaaaa tttgggacaa axcataaxgx 4740 

ctcgcaaggc xccgtgcaaa tatgaagxgc ggggcaaatg caatagagga agxgagtgca 4800 

agtttaacca caattactgg agttggccag atagatactt axtaataaga tcaaatxatt 4860 

xattaaaxca actxxxaagg aacactgaxa gagrtgatgg ctxatcaata atatcaggag 4920 

caggcagaga agataggaca caagaxxttg xcctaggtxc caccaatgtg gxtcaaggxx 4980 

ataxxgatga xaaccaaagc ataacaaaag ctgcagcctg xxacagtcca cataatataa 5040 

xcaaacaacx acaagaagtt gaagttaggc aggctagaga taacaaacta xctgacagca 5100 

aacaxgxagc acttcacaac xtagxcctat ctxatatgga gaxgagcaaa acxcctgcat 5160 

ctxtaatcaa caatcxcaag agactgccga gagagaaacx gaaaaaatta gcaaagcxca 5220 

taatxgacxt axcagcaggx gctgaaaaxg acxcxtcata xgccttgcaa gacagtgaaa 5280 

gcactaatca agtgcagxga gcaxggtcca gxtttcaxxa ctatagaggt xgatgacaxg 5340 

atatggactc acaaggatxx aaaagaagct ttaxcxgatg ggatagxgaa gtctcatact 5400 

aacaxttaca attgxtaxxx agaaaacaXa gaaatxaxax atgxcaaggc xxacttaagt 5460 

xaqtaaaaac acaxcagagx gggataaaxg acaaxgataa caxtagatgt caxxaaaagt 5520 

qaxqgqtcxx caaaaacaxg xactcacqxc aaaaaaataa txaaagacca ctctggtaaa 5580 

qtocxxattg xacttaagxt aaxattagcx xxactaacat ttctcacagx aacaaxcacc 5640 

attaaxtata xaaaagxgga aaacaatctg caaatatgcc agtcaaaaac xgaatcagac 5700 

aaaaaqgacx caxcaxcaaa xaccacatca gtcacaacca agactacxct aaaxcaxgax . 5760 

atcacacagx attttaaaag txxgaxtcaa aggtatacaa acxctgcaax aaacagxgac 5820 

acatgcxgga aaataaacag aaatcaaxgc acaaatataa caacaxacaa axxtttaxgx 5880 

ttxaaatcxg aagacacaaa aaccaacaax xgtgaxaaac tgacagaxxx atgcagaaae 5940 

aaaccaaaac cagcagttgg agtgtaxcat axagxagaax gccaxxgtat atacacagxx 6000 

aaaxqgaagx gctatcatxa cccaaccgax gaaacccaat ccxaaatgxx aacaccagat 6060 

xaggatccat ccaagtctgx tagttcaaca axxtagttax txaaaaatat xxtgaaaaca 6120 

aqxaagtttc xatgaxacxt cataataaxa agtaaxaaxt aaxtgctxaa tcaxcatcac 6180 

aacatxaxxc gaaaccataa ctaxxcaatt xaaaaagtaa aaaacaataa catgggacaa 6240 

gtagxxatgg aggtgaaagt ggagaacaxx cgaacaaxag axaxgctcaa agcaagagta 6300 

aaaaatcgtg xggcacgcag caaaxgcttx aaaaatgccx cttxggxcct caxaggaara 6360 

actacaxtga gxattgcccx caaxatctax ctgatcaxaa acxaxaaaax gcaaaaaaac 6420 

acatctgaat cagaacatca caccagcxca tcacccatgg aatccagcag agaaactcca 6480 

acqgxcccca cagacaacxc agacaccaac tcaagcccac agcatccaac tcaacagtcc 6540 

acagaaggct ccacactcxa ctttgcagcc tcagcaagcx caccagagat agaaccaaca 6600 

tcaacaccag atacaacaaa ccgcccgccc ttcgtcgaca cacacacaac accaccaagc 6660 

gcaagcagaa caaagacaag tccggcagtc cacacaaaaa acaacccaag gacaagcxct 6720 
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agaacacatt ctccaccacg ggcaacgaca. aggacggcac gcagaaccac cactctccoc 67B0 
acaagcagca caagaaagag accgtccaca gcatcagtcc aacctgacat caqcacaaca 6840 
acccacaaaa acgaagaagc aagtccagcg agcccacaaa catctacaaa cacaicafS sonn 
atacaaagga aaagcgtgga ggccaaclca t!aacaaca? EgtScia 6960 

aaaatacaaa axaactctaa gataaaccat gcagacacca acaatggaga agccaaaaqa 7020 
caattcacaa tctccccaaa aaggcaacaa caccatatta gcxctgccca aatctcccta 7080 
gaaaaaacac tcgcccatat accaaaaata ccacaaccac cccaagaaaa aaactg§gca 7140 
aaacaacacc caagagacaa ataacaatgg atcctctcaa tgaatccact gttaatltct 7200 
atcttcctga ctcatatctt aaaggagtga tttcctttag tgagactaat gcaattc&xt 7260 
catgtctctt aaaaagacct tacctaaaaa atgacaacac tgcaaaagxt gccitaaiS 7370 
atcctgttat cgagcatgxx agactcaaaa atgcagtcaa ttc?aagatg IStwxaa 7380 
«?S??S»S 9^aacatgc aacatgaaat xatgaafaat gtacacagi? 74^0 
gtgagcteac attattaaaa cagtttttaa caaggagtaa aaatattagc actctcaaat 7500 
taaatatgat atgtgattgg ctgcagttaa agtctacaxc agatgaxacc tcaatcctaa 7560 
gttttataga tgxagaattt atacctagct gggtaagcaa ttggtttagt aatxgcxaea 7620 
axcxcaacaa gttgattctg gaattcagga aigaagaagt aaxaagaacx ggttcaatct 7680 
tgtgtaggtc attgggtaaa ttagtttttg ttgtatcatc ataxggatgt axagtcaaga 7740 
gcaacaaaag caaaagagtg agcttcttca catacaatca actgttaaca tggaaagatg 7800 
tgatgrcaag tagattcaax gcaaatxxtt gtatatgggt aagcaacagx ctgaatgaaa 7860 
atcaagaagg gcxagggttg agaagtaaxc tgcaaggcat atxaactaat aagctatatq 7920 
aaactgtaga ttatatgctt agtttatgtt gcaatgaagg tttctcactt gtgaaaaaot 7980 
tcgaaggctt xattatgagt gaaattctta ggaxtacxga acatgctcaa ttcagxacta 8040 
gatt-cagaaa tactttatta aatggattaa ctgatcaatt aacaaaatta aaaaataaaa 8100 
acagactcag agttcatggt accgtgttag aaaataatga xtatceaatg tacgaagrcg 8160 
xacxtaagtt atxaggagax actttgagat gtattaaatt attaaxcaat aaaaacttag 8220 
agaatgctgc tgaattatac xatatattta gaaxattcgg tcacccaaxq gtagaxgaaa 8280 
gagat9caat ggaxgcxgtc aaattaaaea atgaaatcac aaaaatcctt aggxgggaga S340 
gcxxgacaga actaagaggg gtattcaxax taaggattat caaaggattt gtagacaaca 8400 
acaaaagacg gcccaaaatt aaaaacttaa aagtgcttag taagagatgg actatgtact 8460 
tcaaagcaaa aagttacccc agtcaacttg aatxaagcga acaagatttt ttagagcttg 8520 
cxgcaaxaca gxttgaacaa gagttttctg tcccxgaaaa aaccaacctt gagatggtat 8580 
taaatgataa agctatatca cctcctaaaa gattaatatg gtctgtgtat ccaaaaaatt 8640 
acxxacctg« gaaaataaaa aatcgatatc xagaagagac xxtcaatgca agtgatagtc 8700 
tcaaaacaag aagagtacta gagxactatt tgaaagataa taaaxtcgac caaaaagaac 8760 
xtaaaagtxa tgxtgttaaa caagaatart taaatgataa ggatcataxx gtctcgctaa 8820 
ctggaaaaga aagagaatta agtgtaggta gaaxgtttgc taxgcaacea ggaaaacagc 88B0 
gacaaaxaca aatattggct gaaaaatxgx tagctgataa tattgtacct tttttcccag . 8940 
aaaccxtaac aaagtatggt gatctagatc ttcagagaat aaxggaaatc aaatcggaac 9000 
txtcxxctat taaaactaga agaaatgata gttataataa ttacattgca agagcatcca 9060 
tagtaacaga tttaagtaag ttcaaccaag cctttaggta xgaaactaca gcgatctgtg 9120 
cggatgtagc agatgaacta caxg.gaaeac aaagcctatt ctgttggtta catcttatcg 9180 
tcccxaxgac aacaatgata tgtgcctata gacatgcacc accagaaaca aaaggtgaat 9240 
atgatataga taagatagaa gagcaaagtg gtxtatatag axaxcatatg ggtggtattq 9300 
aaggatggtg tcaaaaactc tggacaatgg aagctatatc tctattagat gttgtatctg 93 6D 
taaaaacacg atgxcaaaxg acatctttat taaacggtga caaccaatca atagatgtaa 9420 
gtaaaccagx taagttatct gagggtttag atgaagtgaa agcagattat agcttggctg 9480 
taaaaatgtt aaaagaaata agagatgcat acagaaatat aggccataaa cttaaagaag 9540 
gggaaacata tatatcaaga gatcttcagt ttataagtaa ggtgattcaa tctgaaggag 9600 
xaatgcatcc racccctata aaaaagatct taagagtggg accatggata aacacaatat 9660 
tagatgacat taaaaccagt gcagagtcaa tagggagtct atgtcaggaa ttagaattta 9720 
ggggggaaag cataatagtt agtctgatat taaggaattt ttggctgtat aatttataca 9780 
tgcaxgaatc aaagcaacac ccccxagcag ggaagcagtt attcaaacaa ctaaataaaa 9840 
cattaacatc agtgeagaga ttttttgaaa taaaaaagga aaatgaagta gtagatctat 9900 
ggatgaacat accaatgcag txtggaggag gagatccagt agtcttctat agatctttct 9960 

atagaaggac ccctgatttt ttaactgaag caatcagtca tgtggatatt ctgttaagaa 10020 

tatcagccaa cataagaaat gaagcgaaaa taagtttctt caaagccxta ctgtcaatag 10080 

aaaaaaatga acgtgctaca ctgacaacac taaxgagaga tcctcaagct gttggctcag 10140 

agcgacaagc aaaagtaaca agtgatatca atagaacagc agttaccagc atcttaagtc 10200 

tttctccaaa tcaacttttc agcgatagtg ctaxacatta cagtagaaat gaagaagagg 10260 

tcggaatcat tgctgacaac ataacacctg tttatcctca tggactgaga gttttgtatg 10320 

aatcattacc ttttcataaa gctgaaaaag ttgtgaatat gatatcagga acgaaatcca 10380 

taaccaactt axxacagaga acatctgcta ttaatggtga agatattgac agagctgxat 10440 

ccatgatgct ggagaaccxa ggattaxxat ctagaatatt gtcagtagtt gtxgatagta 10500 

tagaaattcc aaccaaatct aatggtaggc tgatatgttg xcagatatct agaaccctaa 10560 

gggagacatc atggaataat atggaaatag ttggagtaac atcccctagc atcactacat 10620 

gcatggatgt caxatatgca actagctctc axxtgaaagg gaxaatcaxx gaaaagtxca 10680 

gtactgacag aactacaaga ggtcaaagag gtccaaagag cccttgggta gggtcgagca 10740 

ctcaagagaa aaaatxagtt cctgtttata acagacaaat tcxxxcaaaa caacaaagag 10800 

aacagctaga agcaattgga aaaatgagat gggtatataa agggacacca ggtttaagac 10860 

gattactcaa taagattxgx cttggaagtt taggcattag ttacaaatgt gtaaaacctt 10920 

tattacccag gttxaxgagt gtaaatttcc xacacaggtt axctgtcagt agtagaccxa 10980 

tggaattccc agcatcagxx ccagcttata gaacaacaaa ttaccaxttt gacactagtc 11040 
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ctattaatca agcactaagx gagagaxxxg ggaaxgaaga tattaatttg gtcttccaaa 11100 

atgcaatcag cxgxggaatt agcataatga gtgtagtaga acaattaact ggtaggagxc 11160 

caaaacagtt agrtttaata ccrcaattag aagaaataga cattatgcca ccaccagtgt 11220 

ttcaagggaa attcaattat aagcxagxag ataagataac txctgatcaa catatctxca 11280 

gtccagacaa aatagataxg ttaacacxgg ggaaaatgct catgcccact axaaaaggtc 11340 

agaaaacaga tcagttcctg aacaagagag agaattattt ccatgggaat aatcttattg 11400 

agtcxxxgxc agcagcgtta gcatgtcatt ggxgtgggat axxaacagag caatgtatag 11460 

aaaataatax xtxcaagaaa gactggggxg acgggtxcat atcggaxcat gcxxxxatgg 11520 

acttcaaaat atxccxatgt gtctttaaaa cxaaacxttt axgtagttgg gggtcccaag 11580 

ggaaaaacat xaaagaxgaa gatatagtag atgaaxcaat agataaactg ttaaggattg 11640 

ataatacttt xtggagaatg ttcagcaagg ttatgtttga atcaaaggtt aagaaaagga 11700 

taatgttaxa tgaxgxaaaa xxxcxatcat tagtaggtta taragggtxx aagaattggx 11760 

ttatagaaca gtxgagatca gctgagttgc atgaggtacc txggattgtc aatgccgaag 11820 

-gtgatctggt tgagatcaag tcaattaaaa tctaxxtgca actgatagag caaagtttat 41880 

ttttaagaat aactgtxxtg aactatacag atatggcaca tgctctcaca agattaatca 11940 

gaaagaagxt gaxgtgxgax aatgcactat taactccgat xccatcccca atggttaatt 12000 

taactcaagt tattgatcct acagaacaat tagcttattt ccctaagata acaxttgaaa 12060 

ggctaaaaaa ttatgacact agttcaaatt atgctaaagg aaagctaaca aggaaxxaca 12120 

tgatactgtt gccatggcaa caxgttaata gatataactt tgtctttagt xctactggat 12180 

gtaaagttag tctaaaaaca tgcattggaa aacttatgaa agatctaaac cctaaagttc 12240 

tgtactttax tggagaaggg gcaggaaatt ggatggccag aacagcatgt gaatatcctg 12300 

acatcaaatt tgxaxacaga agtxxaaaag atgaccxtga tcatcattat cctttggaat 12360 

accagagagt tataggagaa ttaagcagga taatagatag cggtgaaggg ctxtcaatgg 12420 

aaacaacaga tgcaactcaa aaaactcaxx gggatttgat acacagagta agcaaagatg 12480 

ctttattaat aactttatgt gatgcagaat ttaaggacag agatgatttt tttaagatgg 12540 

taattctatg gaggaaacat gxaxxatcat gcagaatttg cactacttat gggacagacc 12600 

tcxaxxtatt cgcaaagtat catgcxaaag actgcaaxgt aaaaxtaccx tttxttgtga 12660 

gatcagtagc caccxxxatt atgcaaggta gtaaactgtc aggctcagaa xgctacatac 12720 

tcxtaacact aggceaccac aacaatxtac cctgccatgg agaaaxacaa aaxxctaaga 12780 

tgaaaatagc agtgtgxaat gaxxxttatg ctgcaaaaaa acttgacaat aaatctatxg 12840 

aagccaacxg taaaxcactt ttatcagggc xaagaatace gaxaaataag aaagaaxtaa 12300 

atagacagag aaggttatta acaccacaaa gcaaccattc ttctgxagca acagttggag 12960 

gtagcaaggt eatagagtct aaatggtxaa caaacaaggc aaacaeaata axxgaxtggx 13020 

xagaacatax txtaaattct ccaaaaggtg aatxaaatxa tgattxttrt gaagcaxtag 13080 

* aaaaxactta cccxaatatg axtaaacxaa tagataatct agggaaXgca gagataaaaa 13140 

aactgatcaa agtaactgga tatatgcttg xaagtaaaaa atgaaaaatg axaaaaatga 13200 

xaaaataggt gacaacxtca tacxattcca aagtaaxcax txgatxatgc aattatgtaa 13260 

tagxxaatta aaaacxaaaa atcaaaagtt agaaactaac aactgtcaxt aagtttatta 13320 

aaaataagaa atxataaxxg gatgtatacg 13350<21O> 2 
<21I> 782 
<212> DNA 

<213> human mexapneumovn rus 



<220> 

<221> gene 
<222> C1D-..C782) 
<223> human mexapneumovirus, 
hMF»v-118 



strain Quebec isolate No 



<400> 2 

axgxaggcac 

gtggagagat 

aatatatxxg 

gxgaagttca 

gggaagagtt 

acaaagaggc 

aaaaccagag 

tattcacxaa 

acagagtgct 

gatctxxcxa 

ggaaagcttt- 

ttatgccagc 

ctaataatac 



cacaactgca 
tctxxacacr 
cacggetcxa 
ggxggttcta 
gcaaaxgtta 
aagaaaaaca 
gccttcagca 
actagcatca 
aagtgatgcg 
tgaacxattx 
aggctcatcx 
ttatggagcc 
atxgctaggg 



gxgacacctt 
aaacaxactg 
ggatcagaaa 
accaagacat 
gatatacatg 
atggtgacxt 
ccagacacac 
acaaxagaag 
actcaaagax 
gagcagaaag 
xcgacaggaa 
ggtcaaacaa 
caxgtatctg 



catcaxtgca 
attacaaata 
gagtacaaca 
acxctttagg 
gagtggaaaa 
Xgctaaagga 
caaxaatttt 
ttggacxaga 
accctagggt 
tgtaxxacag 
gcaaagcaga 
xgctaaggtg 
tgcaacctgg 



gcaagagata 
tgctgcagag 
gaxtttaaga 
gaaaggtaaa 
gagttgggta 
atcaxcaggx 
axxatgtgta 
gactacagtt 
agatatacca 
gagtcxattc 
aagtttgxxx 
gggtgxcatt 
atttgaagca 



acacxxxtgt 
atagggatac 
aatxcaggca 
aatagxaaag 
gaagaaaxag 
aacatcccac 
ggxgctttaa 
agaagagcta 
aagattgcta 
attgagtatg 
gtaaatatax 
gccagaxcat 
agtcacagag 



<2io> 3 
<211> 878 
<212> DNA 

<213> human metapneumovl rus 
<220> 

<22J> gene 



60 
120 
180 
240 
300 
360 
420 
480 
540 
600 
660 
720 
780 
782 
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<222> CD.--C878) /5 
<223> human metapneumovi rus, strain Quebec Isolate No 
hMPV-174 

<400> 3 

atgtgggtac caccactgca gtgacaccct catcatxgca acaagaaata acgctgttgt 60 

gtggagaaat tctgtaxgct aaacatgctg attacaaata tgctgcagaa ataggaatac X20 

aatatattag cacagettta ggatcagaga gagtgcagca gattcxgagg aacxcaggca 180 

gtgaagtcca agtggtctta accagaacgt actcxctggg gaaagttaaa aacaataaag 240 

gagaagaxtt acagatgtta gacatacacg gggtagagaa gagctgggta gaagagatag 300 

acaaagaagc aaggaaaaca atggcaacct tgcttaagga atcatcaggt aatatcccgc 360 

aaaatcagag gccctcagca ccagacacac ccataatctt attatgtgta ggtgccttaa 420 

tatttactaa actagcatca accatagaag. tgggacxaga gaccacagtc agaagggcxa 480 

accgtgtact aagtgatgca ctcaagagat accctagaax ggacaxccca aaaattgcca 540 

gatccttcta tgacttattt gaacaaaaag tgtatcacag aagtttgttc attgagtatg 600 

gcaaagcatt aggctcatca xctacaggca gcaaagcaga aagxctattt gttaatatax 660 

tcatgcaagc ttatggagcc ggxcaaacaa xgctaaggtg gggggxcatt gccaggtcat 720 

ccaacaatax aatgttaxga catgtatccg tccaagctga gxtaaacaca ggtcacagaa 780 

gtcxatgact xggtgcgaga aatgggtcct gaatcxggac ttcxacattt aaggcaaagc 840 

ccaaaagctg gacxgtatca ctagccaact tcccaacx 878 

<210> 4 
<2U> 876 
<212> DNA . 

<213> human metapneumovi rus 
<220> 

<221> gene 

<222> C13.-.C8763 

<223> human metapneumovi rus F strain Quebec isolate No 
hMPV-176 

<400> 4 

atgtaggccc cacaactgca gtgacacctt catcatxgca gcaagagata acacttttgt 60 

gtggagagat tctttacact aaacatacxg attacaaata tgctgcagag atagggaxac 120 

aatatatttg cacggctcta ggatcagaaa gagtacaaca gattttaaga aattcaggxa 180 

gtgaagttca ggtggttcta accaagacat actctttagg gaaaggtaaa aaxagtaaag 240 

gggaagagtt gcaaatgtta gatatacatg gagtggaaaa gagttgggta gaagaaatag 300 

acaaagaggc aagaaagaca atggtgactx xgctaaagga axcatcaggx aacatcccac 360 

■ aaaaccagag gccxtcagca ccagacacac caaxaatttt attatgtgta ggtgcgttaa 420 

tattcacxaa actagcaxca acaatagaag ttggacxaga gactacagtt agaagagcta 480 

acagagtgct aagtgatgcg ctcaaaagax accctagggt agatatacca aagattgcta 540 

gatcxxtxta tgaactattt gagcagaaag tgtattacag gagxctattc attgagtatg 600 

ggaaagcttt aggctcatct tcaacaggaa gcaaagcaga aagtttgttt gtaaaxatat 660 

ttatgcaagc ttatggagcc ggtcaaacaa tgctaaggtg gggtgtcatt gccagatcat 720 

ctaacaacat aatgcxaggg catgxatctg tgcaagctga* attgaaacaa gtxacagagg 780 

tttatgattt ggtgagagaa atgggtcctg aatctgggcx tttactctta agaacaagtc 840 

caaaggcagg actgttatcg tggctaatgc cccaat " 876 

<210> -5 
<211> 869 
<212> DNA 

<213> human metapneumovi rus 
<220> 

<221> gene 

<222> CD. -.(869) 

<223> human metapneumovi rus, strain Qubec isolate No 
hMPV-193 ... 

<400> 5 . 

atgtgggtac aacaactgca gtgacaccct catcaxtgca acaagaaata acgctgttgt 60 

gtggagaaat tcxgtatgct aaacatgctg attacaaata tgctgcagaa ataggaatac 120 

aatatattag cacagcttta ggatcagaga gagtgcagca gattctgagg' aacxcaggta 180 

gtgaagtcca agtggtctta accagaacgt actctctggg gaaagttaaa aacaataaag 240 

gagaagattt acagatgtta gacatacacg gggtagagaa gagctgggta gaagagaxag 300 

acaaagaagc aaggaaaaca atggcaacct tgcttaagga atcatcaggt aatatcccac 360 

aaaatcagag gccctcagca ccagacacac ccataatctt attatgtgta ggtgccttaa 420 

tatttactaa gctagcatca accatagaag tgggactaga gaccacagtc agaagggcta 480 

accgtgtact aagtgatgca ctcaagagat accctagaat ggacatccca aaaattgcca 540 
gatccttcta tgacttattt gaacaaaaag tgtatcacag- aa?gt*ft'gttc attgagtatg ' 600 

gtaaagcatt aggatcatca tctacaggca gcaaagcaga aagtctattt gttlatatat 660 
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6/52 

tcatgcaagc ttatggagcc ggtcaaacaa tgctaaggtg gggggtcatt gccaggtcat 
ccaacaatat aatgttagga catgtatccg tccaaggctg agttaaaaca ggtcacagaa 
qtctatgact tggtgcgaga aatgggtcct gaatctggac ttctacattt aaggcaaagc 
ccaaaagctg gactgttatc actagccaa 

<210>'6 
<2H> 848 
<212> DNA 

<215> human metapneumovi rus 

<220> 
<Z21> gene 

<222> CD-. ^848) . . 

<223> human metapneumovi rus , strain Quebec isolate No 
c-77807 



720 
780 
840 
869 



<4C0> 6 

atgtaggcac 

gtggggaaat 

aatatatttg 

gtgaagttca 

gggaagagct 

acaaagaggc 

aaaaccagag 

.tattcactaa 

atagagtget- 

gatcttttta 

gaaaagcttt 

ttatgeaage 

ccaacaacat 

tttatgactt 

caaaggca 



<210> 7 
<2rb> 894 
<212> DNA 

<213> human metapneumovi rus 



cacaactgca 
xctttacact 
cacagctcta 
ggtggtttta 
gcagatgtta 
aagaaagaca 
accttcagca 
actagcatca 
aagtgatgca 
tgaactattt 
aggctcatct 
ttatggagct 
aatgctaggg 
ggtgagagaa 



gtgacacctt 
aaacacactg 
ggatcagaaa 
accaaaacat 
gatatacatg 
atggtaactt 
ccagacacac 
acaatagaag 
ctcaaaagat 
gaacaaaaag 
tcaacaggaa 
ggtcaaacac 
catgtatctg 
atgggtcctg 



catcattgea 
attacaaata 
gagtacaaca 
actccttagg 
gagtggaaaa 
tgcttaagga 
caataatttt 
ttggattaga 
accctagggt 
tgtactacag 
gcaaagcaga 
tgctaaggtg 
tgcaatctga 
aatctgggct 



acaagaaata 
tgetgetgag 
gattttgaga 
gaaaggcaaa 
gagttgggta 
gtcatcaggt 
attatgtgta 
gactacagtt 
agatatacca 
aagtttattc 
aagtttgttt 
gggtgtcatt 
attgaagcaa 
tttacatcta 



acacttttgt 
ataggaatgc 
aactcaggta 
aacagtaaag 
gaagaaatag 
aacatcccac 
ggtgccctaa 
agaagagcta 
aagattgeta 
attgagtacg 
gtaaatatat 
gecagatcat 
ttcacagagg 
agacaaagtc 



<220> 

<22l> gene 

<222> CI) . . . C894) 

<223> human metapneumovi rus, strain Quebec isolate No 
C-7774S 



60" 
120 
180 
240 
300 
360 
420 
480 
540 
600 
660 
720 
780 
840 
848 



<400> 7 

atgtgggtac 

gtggagaaat 

aatatattag 

gtgaagtcca 

gagaagattt 

acaaagaagc 

aaaatcagag 

tatttactaa 

accgtgtact 

gatccttcta 

gcaaagcatt 

teatgegage 

ccaacaatat 

tccatgactt 

caaaagctgg 



aacaactgea 
tetgtatget 
cacagcttta 
agtggtctta 
acagatgtta 
aaggaaaaca 
gccctcagca 
gctagcatca 
aagtgatgca 
tgacttattt 
aggctcatca 
ttatggagcc 
aatgttagga 
ggtggtagaa 
actgtttaca 



gtgacaccct 
aaacatgctg 
ggatcagaga 
accagaacgt 
gacatacacg 
atggcaacct 
ccagacacac 
accatagaag 
cctaagagat 
gaacaaaaag 
tctacaggca 
ggtccaacaa 
catgtatctg 
atggggcctg 
ctagccaact 



catcattgea 
attacaaata 
gagtgeagca 
actctctggg 
gggtagagaa 
tgcttaagga 
ccataatctt 
tgggactaga 
accctagaat 
tgtatcacag 
gcaaacgaga 
tgctaaggtg 
tccaagctga 
aatctggact 
gtcccaactt 



acaagaaata 
tgctgcagaa 
gattctgagg 
gaaagttaaa 
gagctgggta 
atcatcaggt 
attatgtgta 
gaccacagtc 
ggacatccca 
aagtttgttc 
aagtctattt 
gggggtcatt 
atttaaacaa 
ttctacttta 
tgcaagtgtt 



acgctgttgt 
ataggaatac 
aactcaggca 
aacaataaag 
gaagagaxag 
aatatcccac 
ggtgccctaa 
agaagggcta 
aaaattgeca 
attgagtatg 
gcttatatat 
gecagatcat 
gacacagaag 
aggcaaagee 
gttc 



<210> 8 
<2ll> 850 
<212> DNA 

<213> human metapneumovi rus 

<220> 
<221> gene 
<222> C1)...C850) 
<22Z> human metapneumovi rus, 
hMPV-217 



60 
120 
180 
240 
300 
360 
420 
480 
540 
600 
660 
720 
780 
840 
894 



strain Quebec isolate No 
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<400> 8 

atgtgggtac 

gtggagaaat 

aatatattag 

gtgaagtcca 

gagaagattt 

acaaagaagc 

aaaaxcagag 

taxttactaa 

accgtgtacx 

gatccttcta 

gtaaagcatt 

tcatgcaagc 

ccaacaatat 

gtccatgact 

ccaaaagctg 



aacaactgca 
tctgtatgct 
cacagcttta 
agtggtctta 
acagaxgtta 
aaggaaaaca 
gccctcagca 
gcragcatca 
aagtgatgca 
tgacttaxtx 
aggatcatca 
tratggagcc 
aatgtxagga 
tggtgcgaga 



gtgacaccct 
aaacatgctg 
ggatcagaga 
accagaacgx 
gacaxacacg 
atggcaacct 
ccagacacac 
accatagaag 
ctcaagagat 
gaacaaaaag 
tctacaggca 
ggtcaaacaa 
catgtaxccg 
aatggggcct 



catcattgca 
attacaaata 
gagtgcagca 
actctctggg 
gggxagagaa 
tgcttaagga 
ccataatctt 
tgggactaga 
accctagaax 
tgtatcacag 
gcaaagcaga 
xgctaaggtg 
tccaagctga 
gaaxctggac 



7/52 

acaagaaata 
tgcxgcagaa 
gattctgagg 
gaaagtraaa 
gagctgggta 
atcatcaggt 
attatgtgta 
gaccacagtc 
ggacatccca 
aagtttgttc 
aagtctattt 
gggggtcatt 
attaaaaaca 
ttctacxxtt 



acgctgttgt 
ataggaatac 
aactcaggta 
aacaataaag 
gaagagatag 
aatatcccac 
ggtgccttaa 
agaagggcta 
aaaattgcca 
attgagtatg 
gttaatatat 
gccaagtcat 
ggtcccagaa 
aaggcaaagc 



<210> 9 
<211> 1185 
<212> DNA 

<213> human metapneumovi rus 

<220> 

<221> gene 

<222> CD...CU85) 

<223> human metapneumovi rus , strain 00-1, accession 
number af371337 



<400> d 

argtctcttc 

tctcagtaca 

caacaagaaa 

tatgctgcag 

cagattctga 

gggaaaatta 

aagagcxggg 

gaatcatcag 

ttattatgtg 

gagaccacag 

atggacatac 

agaagtttgt 

gaaagxctat 

tggggggtca 

gagttaaaac 

cttctacatt. 

tttgcaagxg 

agagtaccaa 

agcaataaaa 

carctcttaa 



aagggattca 
caataaaaag 
taacactgtt 
aaataggaat 
ggaactcagg 
aaaacaataa 
tagaagagat 
gtaatatccc 
taggtgcctt 
tcagaagggc 
caaagattgc 
tcaxtgagta 
ttgttaatax 
ttgccaggtc 
aggtcacaga 
taaggcaaag 
ttgttctcgg 
acacagaatt 
taaatttctc 
.atgtgagtga 



cctgagtgat 
agatgtgggt 
gtgtggagaa 
acaaxatatt 
cagtgaagtc 
aggagaagat 
agacaaagaa 
acaaaatcag 
aatatxcact 
taaccgtgta 
cagatccttc 
tggcaaagca 
axxcatgcaa 
atccaacaat 
agtcxaxgac 
cccaaaagct 
aaaxgcccca 
atxttcagca 
ttcattagga 
cgacagtcaa 



ttatcataca 
acaacaactg 
attctgtatg 
agcacagcxt 
caagtggtct 
ttacagatgt 
gcaaggaaaa 
aggccctcag 
aaactagcax 
ctaagtgaxg 
xaxgacttat 
ttaggctcat 
gcttatgggg 
ataatgttag 
ttggtgcgag 
ggactgttat 
ggcttaggca 
gctgaaagtt 
cttacagatg 
aatgattaxg 



agcatgctat 
cagtgacacc 
cxaaacatgc 
taggatcaga 
raaccagaac 
tagacataca 
caatggcaac 
caccagacac 
caaccataga 
cactcaagag 
ttgaacaaaa 
caxcxacagg 
ccggtcaaac 
gacatgtaxc 
aaaxgggccc 
cactagccaa 
Xaatcggtat 
atgccaaaag 
aagagaaaga 
agtaa 



attaaaagag 
cteatcattg 
tgactacaaa 
gagagtgcag 
gtactctctg 
cggggtagag 
cttgcttaag 
acccataaxc 
agtgggacta 
axaccctaga 
agtgtatcac 
cagcaaagca 
aatgctaagg 
cgtccaagct 
tgaatctgga 
cxgtcccaac 
gtatcgaggg 
tttgaaagaa 
ggctgcagaa 



<210> 10 
<211> 700 
<212> DNA 

<213> human mexapneumovirus 

<220> 

<221> gene 

<222> O) i .,C70W 

<223> human metapneumovi rus, strain Quebec isolate no 
nMPV-163 



<400> 10 

tgcagaaata 

tctgaggaac 

agttaaaaac 

cxgggtagaa 

atcaggtaat 

axgxgraggt 

cacagtcaga 

catcccaaaa 

txtgxtcatr 

tctatttgtx 



ggaatacaat 
tcaggcagtg 
aataaaggag 
gagatagaca 
atcccacaaa 
gccttaatat 
agggccaaee 
attgccagat 
gagtatggca 
aaxaxatxca 



atattagcac 
aagtccaagt 
aagatttaca 
aagaagcaag 
atcagaggcc 
ttactaaact 
gtgtactaag 
ccxtctatga 
aagcatxagg 
tgcaagctta 



agcxxtagga 
ggtcttaacc 
gatgtragac 
gaaaacaatg 
ctcagcacca 
agcatcaacc 
tgaxgcactc 
cttatttgaa 
ctcatcatct 
tggagccggt 



tcagagagag 
agaacgtacx 
axacacgggg 
gcaacctxgc 
gacacaccca 
atagaagtgg 
aagagatacc 
caaaaagtgt 
acaggcagca 
caaacaatgc 



tgcagcagax 
cxctggggaa 
tagagaagag 
txaaggaatc 
taatcttatt 
gactagagac 
ctagaatgga 
atcacagaag 
aagcagaaag 
taaggttggg 



60 
120 
180 
240 
300 
360 
420 
480 
540 
600 
660 
720 
780 
840 
850 



60 
120 
180 
240 
300 
360 
420 
480 
540 
600 
660 
720 
780 
840 
900 
960 
1020 
1080 
1140 
1185 



60. 
120 
180 
240 
300 
360 
420 
480 
540 
600 
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aataaxtgec aggxcatcca acaatataat gttaggacat gxatccgtcc aagctgagtt 660 
aaaacaggtc acagaagtct atgacttggt gcgagaaatg . 700 

<210> 11 
<213> 705 
<212> DNA 

<213> human metapneumovi rus 
<220> 

<221> gene 

<222> CD...C70S5 . . . 

<223> human metapneumovi rus, strain Quebec Isolate No 
hMPV-174 

<400> 11 

xattagcaca gctttaggat cagagagagt gcagcagatt ctgaggaact eaggcagtga 60 

agtccaagtg gtcttaacca gaacgtactc tcxggggaaa grcaaaaaca ataaaggaga 120 

agatttacag atgttagaca xacacggggt agagaagagc tgggtagaag agatagacaa 130 

agaagcaagg aaaacaaxgg caaccxtgct taaggaatca tcaggtaata tcccgcaaaa 240 

tcagaggccc tcagcaccag acacacccat aatcttatta tgtgtaggtg ccttaatatt 300 

xactaaacta gcatcaacca tagaagtggg actagagacc acagtcagaa gggctaaccg 360 

tgtactaagt gatgcactca agagaxaccc tagaatggac atcccaaaaa ttgccagatc 420 

cttccatgac ttatttgaac aaaaagtgta tcacagaagt ttgttcattg agtatggcaa 480 

agcattaggc tcatcatcta caggcagcaa agcagaaagt gtatttgtta atatattcat 540 

gcaagccxat ggagccggtc aaacaaxgcx gaggtggggg gtcattgcca ggtcatccaa 600 

caatataatg ttaggacatg tatccgtcct agctgagcxa aaaccggtca cagaagxcta 660 

tgacttggtg cgagaaatga ttcctgaatc tngacttcta catta 705 

<210> 12 
<211> 700 
<212> DNA 

<213> human metapneumovirus 

<220> 

<22l> gene 

<222> CO..- (700) 

<223> human metapneumovirus, strain Quebec isolate tfo 
hMPV-184 

<400> 12 

aaatatgctg cagaaatagg aatacaatat attagcacag ctttaggatc agagagagxg 60 

cagcagatxc tgaggaacxc aggcagtgaa gtccaagtgg tctxaaccag aacgtactct 120 

ctggggaaag ttaaaaacaa taaaggagaa gatttacaga tgttagacat acacggggxa 180 

gagaagagct gggxagaaga gatagacaaa gaagcaagga aaacaatggc aaccttgctt 240 

aaggaatcat caggtaatat cccacaaaat cagaggccct cagcaccaga cacacccata 300 

atcxxattat gtgtaggxgc cttaaxaxtx actaaactag catcaaccat agaagtggga 360 

ctagagacca cagtcagaag ggccaaecgt gtactaagtg atgcactcaa gagataccct 420 

agaatggaca tcccaaaaat tgccagatcc xtctatgact tatttgaaca aaaagtgtat 480 

cacagaagtt tgttcattga gtatggcaaa gcattaggct catcatctac aggcagcaaa 540 

gcagaaagtc tatttgttaa tatattcatg caagcttatg gagccggtca aacaatgcta 600 

aggtgggggg xaattgccag atcatccaac aatataatgt taggacatgt atccgtccaa 660 

gctgagttaa aacaggtcac agaagtctat gacttagtge 700 

<210> 13 
<211> 650 
<212> DNA 

<213> human metapneumovirus 

<220> 
<221> gene 

<222> C1)-..C650> . . 

<223> human metapneumovirus, strain Quebec Isolate No 
hMPV-185 

<400> 13 

taggaataca atatattagc acagctctag gaxcagagag agtacagcag attctaagaa 60 

actcaggcag tgaagtceaa gtggttttaa ccagaacgxa ctccttgggg aaagxxaaaa 120 

acaacaaagg agaagattta cagatgxxag acatacacgg agtagagaaa agctgggtgg 180 

aagagataga caaagaagca agaaaaacaa xggcaacxxx gcxxaaagaa xcatcaggca 240 

ataxxccaca aaatcagagg ccttcagcac cagacacacc xataatctta ttatgxgxag 300 

gtgccttaat atttaccaaa cxagcaxcaa ctatagaagt gggattagag accacagtca 360 

gaagagctaa ccgtgtacta agtgatgcac tcaaaagata cccxaggatg gacataccaa 420 
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aaatcgctag axcxttctat gacttatttg aacaaaaagt gtattacaga agcttqttca 
xtgagtatgg caaagcatta ggctcatcct ctacaggcag caaagcagaa agtttattcq 
ttaatatatt catgcaagct tacggxgctg gtcaaacaat gctgaggtgg ggaqtcatto 
ccaggtcatc taacaatata atgttaggac atgxatctgt ccaagctgag 

<210> 14 
<2ll> 650 
<212> DNA 

<213> human metapneumovirus 

<220> 

<221> gene 

<222> CD --.(650) 

<223> human metapneumovirus, strain Quebec Isolate No 
C— 76837 



480 
540 
600 
650 



<400> 14 

acaaatatgc 

gtgcagcaga 

tctctgggga 

gtagagaaga* 

cttaaggaat 

axaaxcttat 

ggactagaga 

cctagaaxgg 

tatcacagaa 

aaagcagaaa 

ctaaggtggg 



atcaxaaaxa 
xtctaaggaa 
aagttaaaaa 
gctgggxaga 
catcaggtaa 
tatgxgxagg 
ccacagtcag 
acatcccaaa 
gtttgttcat 
gtctatttgt 
gggtcattgc 



ggaatacaax 
ctcaggcagt 
caataaagga 
agagatagac 
xatcccacaa 
tgccttaata 
aagggctaac 
•aattgccaga 
tgagtaxggc 
taatatatte 
caggtcatcc 



atattagcac 
gaagxccaag 
gaagatttac 
aaagaagcaa 
aatcagaggc 
rrtacxaaac 
cgtgxactaa 
tccttctatg 
aaagcattag 
atgcaagctt 
aacaatataa 



agctttagag 
tggtcttaac 
agaxgttaga 
ggaaaacaat 
cctcagcacc 
ragcatcaac 
gtgatgcact 
acxxatxtga 
gctcatcatc 
atggagccgg 
tgxtaggata 



axcagagaga 
cagaacgtac 
catacacggg 
ggcaaccttg 
agacacaccc 
catagaagtg 
caagagatac 
acaaaaagxg 
tacaggcagc 
tcaaacaarg 



<210> 15 
<211> 650 
<212> DNA 

<213> human metapneumovirus 

<220> 
<221> gene 
<222> (1) . • • C650) 
<223> human metapneumovirus. 
C-77807 



60 
120 
180 
240 
300 
360 
420 
480 
540 
600 
650 



strain Quebec isolate No 



<400> 15 

gtatgctaaa 

agctttagga 

ggxcttaacc 

agatgttaga 

ggaaaacaat 

cctcagcacc 

tagcatcaac 

gtgatgcact 

acttaxttga 

gctcatcatc 

atggagccgg 



catgcxgatt 
tcagagagag 
agaacgtact 
catacacggg 
ggcaacctxg 
agacacaccc 
catagaagtg 
caagagatac 
acaaaaagtg 
tacaggcagc 
tcaaacaatg 



acaaatatgc 
tgcagcagat 
ctctggggaa 
gtagagaaga 
cxxaaggaat 
ataatcttat 
ggactagaga 
cctagaatgg 
tatcacagaa 
aaagcagaaa 
ctaaggtggg 



tgcagaaata 
tctgaggaac 
agxxaaaaac 
gctgggtaga 
catcaggtaa 
tatgtgtagg 
ccacagtcag. 
acatcccaaa 
gtttgttcat 
gtctatttgt 
gggtcattgc 



ggaatacaat 
xcaggcagtg 
aataaaagga 
agagatagac 
tatcccacaa 
tgccttaata 
aagggctaac 
aattgccaga 
tgagxaxggc 
taatatattc 
caggtcatcc 



atattag cac 
aagtccaagt 
gaagatttac 
aaagaagcaa 
aatcagaggc 
tttactaagc 
cgtgtactaa 
tccttctatg 
aaagcattag 
atgcaagctt 



<210> 16 
<211> 650 
<212> DNA 

<213> human metapneumovirus 

<220> 
<221> gene 
<222> ID... C650) 

<223> hMPV-C-7812r UmOV1>US> Stra1n QUeb€C Isolate N0 
<400> 16 

ttaggatcag agagagxgca gcagattcta 
ttaaccagaa cgtactctct ggggaaagtt 
xtagacatac acggggtaga gaagagctgg 
acaatggcaa cctrgcxtaa ggaatcatca 
gcaccagaca cacccataat cxtattatgx 
tcaaccatag aagtgggact agagaccaca 
gcactcaaga gataccctag aatggacatc 



aggaactcag 
aaaaacaata 
gtagaagaga 
ggtaatatcc 
gtaggtgcct 
gtcagaaggg 
ccaaaaattg 



gcagtgaagt 
aaggagaaga 
tagacaaaga 
cacaaaatca 
taatatttac 
ctaaccgtgt 
ccagatcctx 



ccaagtggtc 
tttacagatg 
agcaaggaaa 
gaggccctca 
xaaactagca 
actaagtgat 
cxatgactta 



60 
120 
180 
240 
300 
360 
420 
480 
540 
600 
650 



60 
120 
ISO 
240 
300 
360 
420 
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ttxqaacaaa aagtgxatca cagaagtttg xxcattgagt atggcaaagc attaggctca 
tcatctacag gcagcaaagc agaaagtcta tttgttaata tattcatgca agcttatgga 
qccggtcaaa caatgctaag gtggggggtc attgccaggt catccaacaa tataatgtta 
ggacatgtat ccgxccaagc tgegttaaaa caggtcacag aagtctatga 

<210> 17 
<211> 650 
<212> DNA 

<213> human metapneumovn rus 



480 
540 
600 
650 



<220> 
<221> gene 
<222> CD- ••(700) 
<223> human metapneumovi rus , 
C-7S132 



strain Quebec Isolate No 



<400> 17 

eagaaagag^ 

aaacatactc 

tacatggagx 

taactttgct 

acacaccaat 

tagaagttgg 

aaagataccc 

aaaaagtgta 

caggaagcaa 

aaacactgct 

tatetgtgca 



acaacagatt 
cttagggaaa 
ggaaaagagt 
taaggagtca 
aartttatta 
attagagact 
tagggtagax 
ctacagaagt 
agcagaaagt 
aaggtggggt 
atctgaattg 



xtgagaaact 
ggcaaaaaca 
xgggtagaag 
tcaggxaaca 
tgtgtaggtg 
acagttagaa 
ataccaaaga 
ttattcarcg 
xxgtttgtaa 
gtcattgcca 
aagcaagtta 



caggtagtga 
gtaaagggga 
aaatagacaa 
tcccacaaaa 
ccctaatatt 
gagctaatag 
ttgctagatc 
agtacggaaa 
axaxa-tttat 
gatcaxccaa 
cagaggxtta 



agttcaggtg 
agagctgcag 
agaggcaaga 
ccagagacct 
cacxaaacta 
agtgctaagt 
tttttatgaa 
agctrttaggc 
gcaagcttat 
caacataatg 
tgacttggtg 



gttttaacca 
atgxxagaxa 
aagacaatgg 
tcagcaccag 
gcaxctacaa 
gatgcactca 
cxaxttgaac 
tcatcttcaa 
ggagctggxc 
ctagggcatg 



<210> 18 . 

<2ia> 650 

<212> DNA 

<213> human metapneumovirus 

<220> 
<221> gene 

<222> (1)...C650) ■ . 

<223> human metapneumovi rus , strain Quebec isolate No 
C- 78163 



<4QO> 18 

ggatcagaaa 

accaaaacat 

gatatacatg 

atggtaactt 

ccagacacac 

acaatagaag 

ctcaaaagat 

gaacaaaaag 

tcaacaggaa 

ggxcaaacac 

catgtatctg 



gagxacaaca 
actccttagg 
gagtggaaaa 
xgcttaagga 
caataatttx 
ttggattaga 
accctagggt 
tgtactacag 
gcaaagcaga 
tgctaaggtg 
tgcaaxcxga 



gattttgaga 
gaaaggcaaa 
gagttgggta 
gtcaxcaggt 
attatgtgra 
gactacagtx 
agatatacca 
aagtttattc 
aagttxgtxx 
gggtgxcatt 
attgaagcaa 



aacxcaggta 
aacagtaaag 
gaagaaatag 
aacatcccac 
ggxgccctaa 
agaagagcta 
aagaxtgcxa 
axxgagtacg 
gtaaatatat 
gccagatcax 
gttacagagg 



gtgaagttca 
gggaagagct 
acaaagaggc 
aaaaccagag 
tattcacxaa 
atagagtgct 
gatcttttta 
gaaaagctxx 
ttatgcaagc 
ccaacaacat 
tttatgactt 



ggtggtttta 
gcagatgxta 
aagaaagaca 
accttcagca 
acxagcatca 
aagtgaxgca 
tgaacxaxtt 
aggctcatct 
ttatggagcx 
aatgcxaggg 



60 
120 
180 
240 
300 
360 
420 
480 
540 
600 
650 



<210> 19 
<211> 600 
<212> DNA 

•<213> human metapneumovi rus 

<220> 
<221> gene 
<222> CU..-C600) 

<223> human metapneumovi rus, strain Quebec Isolate No 
C-91205 



60 
120 
180 
240 
300 
360 
420 
480 
540 
600 
650 



<400> 19 

atattagcac 

gaagxccaag 

gaagatttac 

aaagaagcaa 

aatcagaggc 

tttaccaaac 

cgtgtactaa 



agctcxaggg 
tggttttaac 
agatgttaga 
gaaaaacaat 
cxtcagcacc 
tagcaxcaac 
gtgatgcacx 



atcagagaga 
cagaacgtac 
catacacgga 
ggcaactxxg 
agacacacct 
xatagaagtg 
caaaagaxac 



gtacagcaga 
xccttgggga 
gtagagaaaa 
cttaaagaat 
axaaxcxxax 
ggattagaga 
cctaggatgg 



txcxaagaaa 
aagttaaaaa 
gctgggxgga 
catcaggcaa 
tatgtgtagg 
ccacagtcag 
acataccaaa 



ctcaggcagt 
caacaaagga 
agagatagac 
tattccacaa 
tgccttaata 
aagagctaac 
aaxcgcxaga 



60 
120 
180 
240 
300 
360 
420 
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tctttctatg acttatttga acaaaaagtg tattacagaa gcttgttcat tgagtatggc 480 

aaagcattag gctcatcctc tacaggcagc aaagcagaaa gtttattcgt taatatarcc 540 

atgcaagctt acggtgctgg tcaaacaatg ctgaggtggg gagteattgc caggtcatct 600 

<210> 20 
<211> 700 
<212> DNA 

<213> human metapneumovirus 
<220> 

<:22l> gene 

<222> CD. -.(700) 

<223> human metapneumovirus, strain Quebec Isolate No 
. C- 913 64 

<400> 20 



60 
120 



gattacaaat atgctgctga gataggaatg caatatattt gcacagctct agqateagaa 

agagtacaac agattttgag aaactcaggt agtgaagttc aggtggttct aaccaaaaca i zu 

tactccttag .ggaaaggcaa aaacagtaaa ggggaagagc tgcagitgtt agatatacat 180 
ggagtggaaa agagttgggt agaagaaata gacaaagagg clagaaagac aatggtaact • 240 

ttgcttaagg agtcatcagg taacatccca caaaaccaga gaccttclgc accagacaca 300 

c 2SSSS tt ^ at ^tgtgt aggtgcccta. atattcacta iactagcatc aacaatagaa 360 

SSSRS tafl ^9 ac 3 a cag-c xagaagagct aatagagtgc taagtgatgc actcaaaaga 420 

lt%£Wi JllffiES S5§ a ? : S ct a 9«ctxtt± atgaactatt tgaacaaaia 480 

gtgtactaca gaagtttatt cattgagtac ggaaaagctt taggctcatc ttcaacagga 540 

agcaaagcag.aaagtttgtt tgtaaatata tttatgcaag cttatggagc tggtcaaaca 600 

ctgrtaaggt ggggtgtcat tgccagatca tccaacaaca taatgctagg gcatrortct 660 

gtgcaawg aattgaagca agttacagag gtttatgact y gwawcr: bbu 

<210> 21 
<211> 600 
<212> DNA 

<213> human metapneumovi rus 
<220> 

<221> gene 

<222> (1)... (600) 

<223> human metapneumovi rus, strain quebec Isolate no 
C— 91o30 

<400> 21 

taattcS caalicS ™9 a 9 aaa ^caggtagt gaagttcagg 60 

tggjtcraac caaaacatac tccttaggga aaggcaaaaa cagtaaaaaa oaaaaoct-nr i?n 

agatgttaga tatacatgga gtggaaaaga gttgggtaga agaaataga? SaaScaa lftfl 

gaaagacaat ggtaactttg ctraaggagt catcSggtaa citcccacaa aaccaaaaac 2an 

taqcl?ctac ^H 5 * S^l?agg tgcttSSS r?cacflllc lt°0 

S™?**2 tt: agattagaga ctacagttag aagagctaat agagtgctaa 360 

gtgatgcact caaaagatac cctagggtag atataccaaa gattgctaga tctttttarn 25n 

aactatttga acaaaaagtg tactacagaa gcttattcat tgagtacggt aaaSrtttaa 480 

gctcatcttc aacaggaagc aaagcagaga gtttgtttgt aaatatattt atqcaaact? sin 

atggagctgg xcaaacactg ctaaggtggg gtgtcattgc cagatclicc tacatcaral 600 

<210> 22 
<210> 650 
<212> DNA 

<213;> human metapneumovi rus 
<220> 

<221> gene • 
<222> CI)... (650) 

< ' 22S> hMPv-Q8I tapneUmOV ' i^U5, strain Q uebe< = isolate no 
<400> 22 

atgctgatta caaatatgct gcagaaatag gaatacaata tattaocaca actrtaonnr *n 
cagagaaagt acagcagatt ctaagaaact caogcagtga agtccaaocq ottttlaiPI ifn 
rtt 9999 aaa Sttaaaaaca ataaaggaga agaxSacag atgtttqact 180 
t^acggagt agaaauagc tgggtggaag agataglcla .agaagcaagf SSSStS 240 
actcarSS «?r?S? £^22 taata «ccacaaaa tcagaggcct tcagcaccag 300 

t9*9taggtg ccttaatatt caccaalcta gcatcaacta 360 
tagaagtggg attagagacc acagtcagaa gagctaaccg tgtactaaat aatararrra J?n 
aaagaraccc ragaatggac ataccaalaa §tl«agatl c?tctatglc tta?t?gaac 480 
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aaaaaatata xcacagaagt ttgttcattg agtatgggca aagcattagg etcaxcctct 
ISwcaqca aagcagaaag tttattcgtc aatatatxca tgcaagcxta tggtgctggt 
catacS?|c rglggtgggg gggxxatcgc caggtcatct aacaatataa 

<210> 23 
<2U> 650 
<212> DNA 

<213> human metapneumovi rus 



540 
600 
650 



<22G> 
<221> gene 
<222> CD - - C650) 
<223> human metapneumovi rus ■ 
hMPV-Q97 



strain Quebec isolate No 



<40G> 23 

tagcacagct 

ccaagtggtt 

tttacagatg 

agcaagaaaa 

gaggccxtca 

caaactagca 

actaagtgat 

ctatgacxxa 

axxaggctca 

aagcttacgg 

axataatgtt 



ctaggaxcag 
rtaaccagaa 
ttagacatac 
acaatggcaa 
gcaccagaca 
tcaactatag 
gcactcaaaa. 
tttgaacaaa 
tcctctacag 
xgctggtcaa 
aggacaxgta 



agagagtaca 
cgtactcctt 
acggagxaga 
cxxtgcttaa 
cacctaxaat 
aagtgggatt 
gataccctag 
aagtgtatta 
gcagcaaagc 
acaatgctga 
•tctgtccaag 



gcagattcta 
ggggaaagxx 
gaaaagctgg 
agaatcatca 
cttattatgt 
agagaccaca 
gaxggacata 
cagaagcttg 
agaaagxxxt 
ggtggggagt 
ctgagxtaaa 



agaaactcag 
aaaaacaaca 
gtggaagaga 
ggcaatatxc 
gtaggtgccx 
gtcagaagag 
ccaaaaatcg 
ttcartgagt 
attcgttaax 
cattgccagg 
acaagtcacg 



gcagxgaagt 
aaggagaaga 
tagacaaaga 
cacaaaatca 
taatattxac 
ctaaccgtgt 
ctagatcttx 
axggcaaagc 
atattcatgc 
tcatctaaca 



<210> 24 
<211> 741 
<212> DNA 

<213> human metapneumovl rus 
<220> 

<£21> gene 

<222> IX). . . C741) m . 

<223> human metapneumovi rus , strain can 97-83 

<400> 24 
agxgacaccc 
taagcatgct 
aggaxcagag 
aaccagaacg 
agacatacac 
aatggcaact 
accagacaca 
aactatagaa 
actcaaaaga 
tgaacaaaaa 
ctctacaggc 
tggtcaaaca 
acaxgxaxcx 



tcatcattgc 
gatxacaaat 
agagxacagc 
tactccxxgg 
ggagtagaga 
ttgcxxaaag 
cctataatcx 
gtgggatxag 
xaccctagga 
gtgtaxtaca 
agcaaagcag 
atgctgaggt 
gtccaagctg 



aacaagaaat 
atgctgcaga 
agatxcxaag 
ggaaagttaa 
aaagcxgggt 
aatcatcagg 
tattatgxgx 
agaccacagt 
tggacatacc 
gaagxxxgtt 
aaagtttatt 
ggggagtcat 
a 



aacactaxtg 
aataggaata 
aaactcaggc 
aaacaacaaa 
ggaagagata 
caatattcca 
aggtgcctta 
cagaagagcx 
aaaaatcgct 
cattgagtat 
cgttaatata 
tgccaggtca 



tgtggagaaa 
caatatatta 
agtgaagxcc 
ggagaagatt 
gacaaagaag 
caaaatcaga 
atatxtacca 
aaccgtgtac 
agatctttct 
ggcaaagcax 
xxcatgcaag 
tctaacaata 



ttctataxgc 
gcacagctct 
aagtggtttt 
tacagaxgxx 
caagaaaaac 
ggccttcagc 
aacxagcatc 
taagtgatgc 
atgatxxaxx 
taggctcatc. 
cttacggtgc 
taatgttagg 



<210> 25 
<211> 650 
<212> DNA 

<213> human metapneumov) rus 
<220> 

<221> gene 

<222> CD...C650) 

<223> human metapneumovi rus, strain can 98-75 



<400> 25 

caatatattt 

agtgaagttc 

ggggaagagt 

gacaaagagg 

caaaaccaga 

atattcacta 

aacagagtgc 

agarctttct 



gcacggctct 
aggtggttct 
tgcaaatgtt 
caagaaaaac 
ggccttcagc 
aactagcaxc 
taagtgatgc 
atgaactatt 



aggatcagaa 
aaccaagaca 
agatatacat 
aaxggxgacx 
accagacaca 
aacaatagaa 
gctcaaaaga 
tgagcagaaa 



agagtacaac 
xacxctttag 
ggagtggaaa 
ttgctaaagg 
ccaataaxtx 
gttggactag 
taccctaggg 
gtgtattaca 



agattttaag 
ggaaaggtaa 
agagtxgggx 
aatcatcagg 
taxxatgxgt 
agactacagt 
tagatatacc 
ggagtcxatt 



aaattcaggc 
aaatagxaaa 
agaagaaata 
taacatccca 
aggtgcttta 
tagaagagcx 
gaagattgct 
cattgagtat 



60 
120 
180 
240 
300 
360 
420 
480 
540 
600 
650 



60 
120 
180 
240 
300 
360 
420 
480 
540 
600 
660 
720 
741 



60 
120 
180 
240 
300 
360 
420 
480 
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gggaaagctt taggctcatc ttcaacagga agcaaagcag aaagtttgtt tgtaaatata 540 

tttatgcaag cttatggagc cggtcaaaca atgctaaggt ggggtgtcat tgccagatca 600 

tctaacaaca taatgctagg acatgtgtct gtgcaagctg aattrgaagca 650 

<210> 26 
<210> 759 . 
<ZX2> DNA 

<213> human metapneumovi rus 
<220> 

<221> gene 

<2Z2> C13...C759) 

<223> human metapneumovi rus, strain can 98-75 
<400> 26 

atgtcttgga aagtggtgat tatcatttcg ttactcataa cacctcagca cggactaaaa 60 
gaaagrtatt tagaagaatc atgtagtact ataactgaag gatatctcag tgttttaaga 120 
acaggttggt acaccaatgt ctttacatta gaagttggtg atgttgaaaa tcttacatgt 180 
actgatggac ctagcttaat caaaacagaa cttgacccaa ccaaaagtgc tctaagagaa 240 
ctcaaaacag tttctgctga tcagttagcg agagaagaac aaattgaaaa tcccagacaa 300 
tcaaggrttg tcctaggtgc aatagctctt ggtgttgcca cagcagcagc agtcacagca 360 
ggcattgcga tagccaaaac cataaggctt gagagtgaag tgaatgcaat caaaggtgct 420 
ctcaaaacaa ccaacgaggc agtatccaca ctaggaaatg gaqtgcgagt cctagccacc 480 
gcagtaagag agctgaaaga atttgtgagc aaaaacctga ctagtgcaat taacaagaac 540 
aaatgtgaca ttgctgacct gaagatggct gtcagcttca gtcaattcaa cagaagattc 600 
ctaaatgttg tgcggcagtt ttcagacaat gcagggataa caccagcaat atcattggac 660 
ctaatgactg atgctgagct ggccagagct gtatcataca tgccaacatc tgcaggacag 720 
ataaaactaa tgttagagaa ccgtgcaatg gtaagaaga 759 

<210> 27 
<211> 759 
<212> DNA 

<;213> human metapneumovi rus 
<220> 

<221v gene 

<222> CO...C759) 

<223> human metapneumovi rus , strain Quebec XsoTate No 
C-67345 

<400> 27 

atgtcttgga aagtggtgat cattttttca ttgctaataa cacctcaaca cggtcttaaa 60 

gagagctacc tagaagaatc atgtatcact ataactgagg gatatcttag tgttctgaga 120 

acaggttggt ataccaacgt ttttacatta gaggtgggtg atgtagaaaa ccttacatgt ISO 

tctgatggac ctagcctaat aaaaacagaa ttagatctga ccaaaagtgc actaagagaQ 240 

ctcaaaacag tctctgctga ccaattggca agagaggaac aaattgagaa tcccagacaa 300 

tctaggtttg ttctgggagc aatagcactc ggtgttgcaa cagcagctgc agtcacagca 360 

ggtgttgcaa ttgccaaaac catccggctt gagagtgaag tcacagcaat taagaatgcc 420 

ctcaaaacga ccaatgaagc agtatctaca ttggggaatg gagttcgagt gttggcaact 480 

gcagtgagag agctgaaaga ctttgtgagc aagaatttaa ctcgtgcaat caacaaaaac 540 

aagtgcgaca ttgatgacct aaaaatggcc gttagcttca gtcaattcaa cagaaggttt 600 

ctaaatgttg tgcggcaatt ttcagacaat gctggaataa caccagcaat atctttgqac 660 

ttaatgacag atgctgaact agccagggcc gtttccaaca tgccgacatc tgcaggacaa 720 

ataaaattga tgttggagaa ccgtgcgatg gtaagaaga 3 ay 759 

<210> 28 
<211> 759 
<212> DNA • 

<213> human metapneumovi rus 
<220> 

<220> gene 

<222> CD...C759) 

<223> human metapneumovi rus, strain Can 97-83 
<400> 28 

ataaaaatgt cttggaaagt ggtgatcatt ttttcattgc taataacacc tcaacacqcrt 60 
cttaaagaga gctacctaga agaatcatgt agcactataa ctgagggata tcttagtgtt 120 
ctgaggacag gttggtatac caacgttttt acattagagg tgggtgatgt agaaaicctt 180 
acatgttctg atggacctag cctaataaaa acagaattag atctgaccaa aagtgcacta ' 240 
IfSSfSSS aaa $ a9 3 ctc ^ctgaccaa ttggcaagag aggaacaaat tgigiatccc 300 
agacaatcta ggtttgttct aggagcaata gcactcggtg ttgcaacagc agctgcagtc 360 
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acagcaggtg 
aatgccctca 
gcaactgcag 
aaaaacaagt 
aggrctctaa 
ttggacttaa 
ggacaaataa 



ttgcaattgc 
aaacgaccaa 
tgagagagct 
gcgacattga 
atgttgtgcg 
tgacagatgc 
aattgatgtt 



caaaaccatc 
tgaagcagta 
gaaagacttt 
tgacctaaaa 
gcaattttca 
tgaactagcc 
ggagaaccgt 



cggcttgaga 
tctacattgg 
gtgagcaaga 
atggccgtta 
gacaatgcxg 
agggccgttt 
gcgatggtg 
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gtgaagtcac 
ggaatggagt 
atrtaactcg 
gcttcagtca 
gaataacacc 
ctaacatgcc 



agcaattaag 
tcgagtgttg 
tgcaaxcaac 
axtcaacaga 
agcaatatct 
gacatccgca 



<210> 29 
<211> 759 
<212> DNA 

<213> human metapneumovi rus 

<220> 
<221> gene 
<222> CD..-C759) 

<223> human metapneumovi rus , strain quebec Isolate Ho 
068661 



<400> 29. 

atgtcttgga 

gagagctatt 

acaggttggt 

gctgatggac 

ctcagaacag 

tctagatttg 

ggtgttgcaa 

ctcaaaaaga 

gcagtgaggg 

aagtgcgaca 

ctaaatgttg 

ttaatgacag 

ataaaactga 



aagtggtgat 
ragaagagtc 
ataccaacgt 
ctagcttaat 
tttctgctga 
ttctaggagc 
ttgccaaaac 
ccaatgaagc 
agctgaaaga 
•txgctgacct 
tgcggcaatt 
atgctgaact 
tgttggagaa 



catcctttca 
atgtagcact 
ttttacactg 
aaaaacagaa 
tcaactggca 
aatagcactc 
catccggctt 
agtatctaca 
ttttgtgagc 
gaaaarggcc 
ttcagacaat 
agccagagct 
ccgtgcaatg 



ttgttaataa 

ataactgaag 

gaggtaggtg 

ttagacctga 

agagaggagc 

ggtgttgcaa 

gaaagtgaag 

ttggggaatg, 

aagaatctaa 

gttagcttca 

gctggaataa 

gtttccaaca 

gtaagaaga 



cacctcaaca 
gatatctcag 
atgtagagaa 
ccaaaagrgc 
aaattgagaa 
cagcagctgc 
taacagcaat 
gagttcgagt 
cacgtgcaat 
gtcaattcaa 
caccagcaat 
tgccaacatc 



cggtcttaaa 
tgttctgagg 
ccttacatgt 
actaagagag 
tcccagacaa 
agttacagca 
taagaatgcc 
gttggcaact 
caacaaaaac 
cagaaggttt 
atccttggac 
tgcaggacaa 



<210> 30 
<211> 759 
<212> DMA 

<213> human metapneumovi rus 

<220> 
<221> gene 
<222> CD...C759) . 
<223> human metapneumovi rus , 
C-73750 



strain Quebec Isolate No 



<400> 30 

atgtcttgga 

gagagctatt 

acaggttggt 

gctgatggac 

ctcagaacag 

tctagatttg 

ggtgttgcaa 

ctcaaaaaga 

gcagtgaggg 

aagtgcgaca 

ctaaatgttg 

ttaatgacag 

ataaaactga 



aagtggtgat 
tagaagagtc 
ataccaacgt 
ctagcttaat 
tttctgctga 
ttctaggagc 
ttgccaaaac 
ccaatgaagc 
aactgaaaga 
ttgctgacct 
tgcggcaatt 
atgctgaact 
tgttggagaa 



cattttmca 
atgtagcact 
ttttacactg 
aaaaacagaa 
tcaactggca 
aatagcactc 
catccggctt 
agtatctaca 
ttttgtgagc 
gaaaatggcc 
ttcagacaat 
agccagagct 
ccgtgcaatg 



ttgttaataa 
ataactgaag 
gaggtaggtg 
ttagacctga 
agagaggagc 
ggtgttgcaa 
gaaagtgaag 
ttggggaatg 
aagaatctaa 
gttagcttca 
gctggaataa 
gtttccaaca 
gtaagaaga 



cacctcaaca 
gatatctcag 
atgtagagaa 
ccaaaagtgc 
aaattgagaa 
cagcagctgc 
taacagcaat 
gagttcgagt 
cacgtgcaat 
gtcaattcaa 
caccagcaat 
tgccaacatc 



cggtcttaaa 
tgttctgagg 
ccttacatgt 
actaagagag 
tcccagacaa 
agttacagca 
taagaatgcc 
gttggcaact 
caacaaaaac 
cagaaaggtt 
atccttggac 
tgcaggacaa 



4ZU 
480 
540 
600 
660 
720 
759 



60 
120 
180 
240 
300 
360 
420 
.480 
540 
600 
660 
720 
759 



60 
120 
180 
240 
300 
360 
420 
480 
540 
600 
660 
720 
759 



<210> 31 
<211> 759 
<212> DNA 

<213> human metapneumovi rus 

<220> 

<221> gene 

<222> ?!)... (759) 

<22E> human rnetaprteumovi rus, strain Quebec Isolate No 
C-74549 



<400> 31 
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atgtcrtgga aagtggtgat cattttttca ttgctaataa cacctcaaca cggtcttaaa ' 60 

gagagctacc tagaagaatc atgtagcact ataactgagg gatatcttag tgttctgagg • 120 

acaggttggt ataccaacgt ttttacatta gaggtgggtg atgtagaaaa ccttacatgt 180 

tctgatggac ctagcctaat aaaaacagaa ttagatctga ccaaaagtgc actaagagag 240 

ctcaaaacag tctctgctga ccaattggca agagaggaac aaattgagaa tcccagacaa 300 

tctaggtttg ttctaggagc aatagcactc ggtgttgcaa cagcagctgc agtcacagca 360 

ggtgttgcaa ttgccaaaac catccggctt gagagtgaag tcacagcaat taagaatgcc 420 

ctcaaaacga ccaatgaagc agtatctaca ttggggaatg gagttcgagt gttggcaact 480 

gcagtgagag agctgaaaga ctttgtgagc aagaarctaa ctcgtgcaat caacaaaaac S40 

aagtgcgaca ttgatgacct aaaaatggcc gttagcttca gtcaattcaa cagaaggttt 600 

ctaaatgttg tgcggcaatt ttcagacaat gctggaataa caccagcaat atctttggac 660 

ttaatgacag atgctgaact agccagggcc gtttctaaca tgccqacatc tqcaqqacaa 720 

ataaaattga tgttggagaa ccgcgcgatg gtaagaaga /g. 

<210> 32 
<213> 759 
<212> DNA 

<213> human metapneumovi rus 
<220> 

<221> gene 

<222> CD. - -(759) 

<223> human metapneumovi rus, strain Quebec isolate No 
c-74783 

<40O> 32 

atgtcrtgga aagtggtgat. cattttttca ttgctaataa cacctcaaca cggtcttaaa 60 

gagagctacc tagaagaatc atgtagcact ataactgagg gatatcttag tgttctgagg 120 

acaggttggt ataccaacgt ttttacatta gaggtgggtg atgtagaaaa ccttacatgt 180 

xctgatggac ctagcctaat aaaaacagaa rtagatctga ccaaaagtgc actaagagaq 240 

ctcaaaacag tctcTgctga ccaattggca agagaggaac aaattglgaa tcccagacaa 300 

Tctaggtttg ttctaggagc aatagcactc ggtgttgcaa cagcagctgc agtcacagca - 360 

ggtgttgcaa ttgccaaaac catccggctt gagagtgaag tcacagcaat taagaatgcc 420 

ctcaaaacga ccaatgaagc agtatctaca ttggggaatg gagttcgagt gttggcaact 480 

gcagtgagag agctgaaaga ctttgtgagc aagaatttaa ctcgtgcaat caacaaaaac S40 

aagtgcgaca ttgatgacct aaaaatggcc gttagcttca gtcaattcaa cagaaggttt 600 

ctaaatgttg tgcggcaatt ttcagacaat gctggaataa caccagcaat atctSoaac 660 

ttaatgacag atgctgaact agccagggcc gtttctaaca tgccgacatc tgcaqqacaa 720 

ataaaattga tgttggagaa ccgcgcgarg gtaagaaga s*"^ xgcaggacaa tzq 

<210> 33 
<2U> 759 . 
<212> DMA 

<213> human metapneumo virus 
<220> 

<221> qene 

<222> CU-..C759) 

<223> human me tapneumov-i rus, strain Quebec isolate No 
C-76837 

<400> 33 

5H5S5fS SSiSSSS* c 5 ttttttca ttgttaataa cacctcaaca cggtcttaaa 60 

gagagctatt tagaagagtc atgtagcact ataactgaag gatatctcag tqttctaaaa 120 

acaggttggt ataccaacgt ttrtacactg gaggtaggtg atgtagagal ccttacatqt 180 

gctgatggae ctagcttaat aaaaacagaa ttagatctga ccaaaagtg? KtSuuuaa 240 
ctcagaacag Tttctgctga tcaactggca agagaggagc aaattgagaa tcccaBacal 

SSnS" 119 ^ cta ^agc aatagcactc ggtgttgcaa cagcagctgc agtttclgcl 360 

ggtgttgcaa ttgccaaaac catccggctt .gaaagtgaag taacagcaat taaaaatacc 2?n 

ctcaaaaaga ccaatgaagc agtatctaca ttggggaatg gagttcqaqt attaSct tin 

gcagtgaggg aactgaaaga ttttgtgagc aagaatctaa ctcgtgcaat caacaaatac 540 

aagtgcgaca ttgctgacct gaaaatggcc gttagcttca gtclattcaa ramwSttt 600 

ctaaatgttg tgcggcaatt ttcagacaat gctggaataa cacccacaat atccttqqac 660 

ttaatgacag atgctgaact agccagagct gtttccaaca tgccaacatc tqcaaaacta 720 

ataaaactga tgttggagaa ccgtgcaatg gtaagaaga y "* ac * xc T 9 ca Qgacaa 720 

<210> 34 
<2il> 759 
<212> DMA 

<213> human metapneumovi rus 
<220> 
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<221> gene _ ~ _ 
^222>* CI) C75^) 

<223> human' metapneumovi rus, strain Quebec Isolate No 
077748 



<400> 34 

atgtcttgga 

gagagctatr 

acaggttggt 

gctgatggac 

ctcagaacag 

tctagatttg 

ggtgttgcaa 

ctcaaaaaga 

gcagtgaggg 

aagtgcgaca 

ctaaatgttg 

ttaatgacag 

ataaaactga 



aagtggtgat 
tagaagagtc 
ataccaacgt 
ctagcttaat 
tttctgctga 
ttctaggagc 
ttgceaaaac 
ccaatgaagc 
agctgaaaga 
Ttgctgacct 
tgcggcaatt 
atgccgaact 
tgttggagaa 



cattttttca 
atgtagcact 
ttttacactg 
aaaaacagaa 
tcaactggca 
aatagcactc 
catccggctt 
agtatctaca 
ttttgtgagc 
gaaaatggcc 
ttcagacaat 
agccagagct 
ccgtgcaatg 



ttgttaataa 
ataactgaag 
aaggtaggtg 
ttagacctga 
agagaggagc 
ggtgttgcaa 
gaaagtgaag 
ttggggaatg 
aagaatctaa 
attagcttca 
gctggaataa 
gtttccaaca 
gtaagaaga 



cacttcaaca 
gatatctcag 
atgtagagaa 
ccaaaagtgc 
aaattgagaa 
cagcagctgc 
taacagcaat 
gagttcgagt 
cacgtgcaat 
gtcaattcaa 
caccagcaat 
taccaacatc 



cggtcttaaa 
tgttctgagg 
ccttacatgt 
actaagagaa 
tcccagacaa 
agttacagca 
taagaatgcc 
gttggcaact 
caacaaaaac 
cagaaggttt 
atccttggac 
tgcaggacaa 



<210> 35 
<211> 759 
<212> DNA . 

<213> human metapneumovi rus 
<220> 

<221> gene 

<222> CU..-C7593 . u ■ , 

<223> human metapneumovi rus, strain Quebec Isolate No 
C-77807 



60 
120 
180 
240 
300 
360 
420 
480 • 
540 
600 
660 
720 
759 



<400> 35 

atgtcttgga 

gagagctatt 

acaggttggt 

gctgatggac 

ctcagaccag 

tctagatttg 

ggtgttgcaa 

ctcaaaaaga 

gcagtgaggg 

aagtgcgaca 

ctaaatgttg 

rcaatgacag 

ataaaactga 



aagtggtgat 
Tagaagagtc 
ataccaacgt 
ctagcttaat 
tttctgctga 
ttctaggagc 
ttgceaaaac 
ccaatgaagc 
aactgaaaga 
ttgctgacct 
tgcggcaatt 
atgctgaact 
tgttggagaa 



cattttttca 
atgtagcact 
ttttacactg 
aaaaacagaa 
tcaactggca 
aatagcactc 
catccggctt 
agtatcxaca 
ttttgtgagc 
gaaaatggcc 
ttcagacaat 
agccagagct 
ccgtgcaatg 



ttgttaataa 
ataactgaag 
aaggtaggtg 
ttagatctga 
agagaggagc 
ggtgttgcaa 
gaaagtgaag 
ttggggaatg 
aagaatctaa 
gttagcttca 
gctggaataa 
gtttccaaca 
gtaagaaga 



cacttcaaca 
gatatctcag 
atgtagagaa 
ccaaaagtgc 
aaattgagaa 
cagcagctgc 
taacagcaat 
gagttcgagt 
cacgtgcaat 
gtcaattcaa 
caccagcaat 
tgccaacatc 



cggtcttaaa 
tgttctgagg 
ccttacatgt 
actaagagag 
tcccagacaa 
agttacagca 
taagaatgcc 
gttggcaact 
caacaaaaac 
cagaaggttt 
atccttggac 
tgcaggacaa 



<210> 36 
<211> 759 
<212> DNA 

<213> human metapneumovi rus 

<220> . 
<221> gene 
<222> (759) 
<223> human metapneumovi rus, 
C-78132 



strain Quebec isolate No 



<400> 36 

atgtcttgga 

gagagctatt 

acaggttggt 

gctgatggac 

ctcagaacag 

tctagatttg 

ggtgttgcaa 

ctcaaaaaga 

gcagtgaggg 

aagtgcgaca 

ctaaatgttg 

ttaatgacag 

ataaaactga 



aagtggtgat 
tagaagagtc 
ataccaacgt 
ctagcttaat 
tttctgctga 
ttctaggagc 
ttgceaaaac 
ccaatgaagc 
aactgaaaga 
ttgctgacct 
tgcggcaatt 
atgctgaact 
tgttggagaa 



cattttttca 
atgtagcact 
ttttacactg 
aaaaacagaa 
tcaactggca 
aatagcactc 
catccggctt 
agtatctaca 
ttttgtgagc 
gaaaatggcc 
rtcagacaat 
agccagagct 
ccgtgcaatg 



ttgttaataa 
ataactgaag 
gaggtaggtg 
ttagatctga 
agagaggagc 
ggtgttgcaa 
gaaagtgaag 
ttggggaatg 
aagaatctaa 
gttagcttca 
gctggaataa 
gtttccaaca 
gtaagaaga 



cacctcaaca 
gatatctcag 
atgtagagaa 
ccaaaagtgc 
aaattgagaa 
cagcagctgc 
taacagcaat 
gagttcgagt 
cacgtgcaat 
gtcaattcaa 
caccagcaat 
tgccaacatc 



cggtcttaaa 
tgttctgagg 
ccttacatgt 
actaagagag 
tcccagacaa 
agttacagca 
taagaatgcc 
gttggcaact 
caacaaaaac 
cagaaggttt 
atccttggac 
tgcaggacaa 



60 
120 
180 
240 
300 
360 
420 
4S0 
540 
6D0 
660 
720 
759 



60 
120 
ISO 
240 
300 
360 
420 
480 
540 
600 
660 
720 
759 



BNSDOCID: <WO 200405702 1A2_ I _> 



WO 2004/057021 



PCT/CA2003/001994 



17/52 

<210> 37 
<211> 759 
<212> DNA 

<213> human metapneumovi rus 
<220> 

<221> gene M ^ 

<222> CD... (759) . , 

<223> human metapnaumovirus, strain Quebec isolate No 
C-78163 

<400> 37 . 
atgtcttgga aagtggtgat cattttttca ttgttaataa cacctcaaca cggtcxtaaa 60 
gagagctatt tagaagagtc atgtagcact ataactgaag gatatctcag tgtxctgagg 120 
acaggrtggt ataccaacgt ttrtacactg gaggtaggtg atgtagagaa ccttacatgt ISO 
gctgatggac ctagcttaat aaaaacagaa ttagatctga ccaaaagxgc actaagagag . 240 
ctcagaacag tttctgctga tcaactggca agagaggagc aaattgagaa tcccagacaa 300 
tctagatttg ttctaggagc aatagcactc ggtgttgcaa cagcagctgc agttacagca 360 
ggtgttgcaa ttgccaaaac catccggccr gaaagtgaag taacagcaat taagaatgcc 420 
ctcaaaaaga ccaatgaagc agtatctaca ttggggaatg gagttcgagt gttggcaact 4B0 
gcagtgaggg aactgaaaga xtttgtgagc aagaatctaa cacgtgcaat caacaaaaac 540 
aagtgcgaca ttgctgacct gaaaatggcc gttagcttca gtcaattcaa cagaaggttt 600 
ctaaatgttg tgcggcaatt ttcagacaat gctggaataa caccagcaat atccttggac 660 
ttaatgacag atgctgaact agccagagct gtttccaaca tgccaacatc tgcaggacaa 720 
axaaaactga tgttggagaa ccgtgcaatg gtaagaaga 759 

<210> 38 
<211> 759 
<212> DNA 

<213> human metapneumovi rus 

<220> 
<221> gene 

<222> C1)...C759) m m 

<223> human metapneumov-j rus, strain Quebec isolate No 
C-78406 

<400> 38 

atgtcttgga aagtggtgat cattttttca ttgttaataa cacctcaaca cggtcttaaa 60 

gagagctatt tagaagagtc atgtagcact ataacxgaag gatatctcag tgttctgagg 120 

acaggttggt ataccaacgt ttttacactg gaggtaggtg atgtagagaa ccttacatgt 180 

gctgatggac ctagcttaat aaaaacagaa ttagatctga ccaaaagtgc actaagagag 240 

ctcagaacag tttctgctga tcaactggca agagaggagc aaattgagaa tcccagacaa 300 

tctagatttg ttctaggagc aatagcactc ggtgttgcaa cagcagctgc agttacagca 360 

ggtgttgcaa ttgccaaaac catccggctt gaaagtgaag taacagcaat taagaatgcc 420 

ctcaaaaaga ccaatgaagc agtatctaca xtggggaatg gagttcgagt gttggcaact 480 

gcagtgaggg aactgaaaga txttgtgagc aaaaatctaa cacgtgcaat caacaaaaac 540 

aagtgcgaca ttgctgacct gaaaatggcc gttagcttca gtcaattcaa cagaaggttt 600 

ctaaatgttg tgcggcaatt ttcagacaat gctggaataa caccagcaat atccttggac 660 

xtaatgacag atgctgaact agccagagct gtttccaaca tgccaacatc tgcaggacaa 720 

ataaaactga tgttggagaa ccgtgcaatg gtaagaaga 759 

<210> 39 
<211> 759 
<212> DNA 

<213> human metapneumovi rus 

<220> 
<221> gene 
<222> CIO... (759) 

<223> human metapneumovi rus , strain Quebec Isolate No 
hMPV-174 

<400> 39 

atgtcttgga aagtggtgat cattttttca ttgttaataa cacctcaaca cggtcttaaa . 60 

. gagagctatt tagaagagtc atgtagcact axaactgaag gatatctcag tgttctgagg 120 

acaggttggt ataccaacgt ttttacactg gaggtaggtg atgtagagaa ccttacatgt 180 

gctgatggac ctagcttaat aaaaacagaa ttagacctga ccaaaagtgc actaagagag 240 

ctcagaacag tttctgctga tcaactggca agagaggagc aaattgagaa tcccagacaa 300 

tctagatttg ttctaggagc aatagcactc ggtgttgcaa cagcagctgc agttacagca 360 

ggtgttgcaa ttgccaaaac catccggctt gaaagtgaag taacagcaat taagaatgcc 420 

ctcaaaaaga ccaatgaagc agtatctaca ttggggaatg gagttcgagt gttggcaact 480 
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gcagtgagag agctaaaaga ttttgtgagc aagaatctaa cacgtgcaat caacaaaaac 540 

aagtgcgaca ttgctgacct gaaaatggcc gttagcrtca gtcaattcaa cagaaggttt 600 

ctaaatgttg tgcggcaatt ttcagacaat gctggaataa caccagcaat atccrtggac 660 

rtaatgacag atgctgaact agccagagct gtttccaaca tgccaacatc tgcaggacaa 720 

ataaaactga tgttggagaa ccgtgcaatg gtaagaaga 759 

<210> 40 
<211> 759 
<Z12> DNA 

<2X3> human metapneumovi rus 
<220> 

<221> gene 
<222> CU.--C75S) 

<223> human metapneumovi rus r strain Quebec Isolate No 
hM.PV-193 

<400> 40 

atgtcrcgga aagtggtgat cattttttca ttgttaataa cacctcaaca cggtcrtaaa 60 

gagagctatt tagaagagtc atgtagcact ataactgaag gatatctcag tqttctgagg 120 

acaggttggt ataccaacgt ttttacactg gaggtaggtg atgtagagaa ccttacatgt 180 

actgatggac ctagcttaat aaaaacagaa ttagacctga ccaaaagtgc actaagagag . 240 

ctcagaacag rctctgctga tcaactggca agagaggagc aaattgagaa tcccagacaa 300 

tctaqatttg ttctaggagc aatagcactc ggtgttgcaa cagcagctgc agttacagca 360 

ootgrcacaa ttgccaaaac catccggctt gaaagtgaag taacagcaat taagaatgcc 420 

crcaaaaag.-i ccaatgaagc agtatctaca ttggggaatg gagttcgagt gttggcaact 480 

gcaotqagag acctgaaaga ttttgtgagc aagaatctaa cacgtgcaat caacaaaaac 540 

aagtgcgaca trgctgacct gaaaatggcc gttagcttca gtcaattcaa cagaaggttt 600 

ctaaargttc tgcggcaatt ttcagacaat gctggaataa caccagcaat atccrtggac 660 

ttaatgacag atgctgaact agccagagct gtttccaaca tgccaacatc tgcaggacaa 720 

ataaaactga tgttggagaa ccgtgcaatg gtaagaaga " ** 759 

<210> 41 
<211> 759 
<212> DNA 

<213> human metapneumovi rus 
<220> 

<221> qene 

<222> CD...C759) 

<223> human metapneumovi rus f strain Quebec Isolate No 
hMPV-194 

<400> 41 

atgtcttgga aagtggtgat cattttttca ttgttaataa cacctcaaca cggttttaaa 60 

gagagctatt tagaagagtc atgtagcact ataactgaag gatatctcag tgttctgagg 120 

acaggttggt ataccaacgt ttttacactg gaggtaggtg atgtagagaa ccttacatgt 180 

gctgatggac ctagcttaat aaaaacagaa ttagacctga ccaaaagtgc actaagagag 240 

ctcagaacag tttctgctga tcaactggca agagaggagc aaattgagaa tcccagacaa 300 

tctagatttg ttctaggagc aatagcactc ggtgttgcaa cagcagctgc agttacagca 360 

ggtgttgcaa ttgccaaaac catccggctt gaaagtgaag taacagcaat taagaatgcc 420' 

ctcaaaaaga ccaatgaagc agtatctaca ttggggaatg gagttcgagt gttggcaact 480 

gcagtgagag agctgaaaga ttttgtgagc aagaatctaa cacgtgcaat caacaaaaac 540 

aagtgcgaca ttgctgacct' gaaaatggcc gttagcttca gtcaattcaa cagaaggttt 600 

ctaaatgttg tgcggcaatt ttcagacaat gctggaataa caccagcaat atccttggac 660 

ttaatgacag atgctgaact agccagagct gtttccaaca tgccaacatc tgcaggacaa 720 

ataaaactga tgttggagaa ccgtgcaatg gtaagaaga 759 

<210> 42 
<211> 759 
<212> DNA 

<213>. human metapneumovi rus 
<220> 

<22l> gene 
<222> CD-.C759) 

<223> human metapneumovi rus , strain Quebec isolate No 
hMPV-198 

<400> 42 

atgtcttgga aagtggtgat cattttttca ttgttaataa cacctcaaca cggtcttaaa 60 
gagagctatt tagaagagtc atgtagcact ataactgaag gatatctcag tgttctgagg 120 
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acaggttggt ataccaacgt ttttacactg gaggtaggtg atgtagagaa ccttacatgt ISO 

gctgatggac ctagcttaat aaaaacagaa ttagacctga ccaaaagtgc actaagagag 240 

ctcagaacag tttctgctga tcaactggca agagaggagc aaattgagaa tcccagacaa 300 
tctagatttg ttctaggagc aatagcactc ggtgttgcaa cagcagctgc agttacagca ' 360 

ggtgttgcaa ttgccaaaac catccggctt gaaagtgaag taacagcaat taagaatgcc 420 

ctcaaaaaga ccaatgaagc agtatctaca ttggggaatg gagttcgagt gttggtaact 480 

gcagtgagag agctgaaaga ttttgrgagc aagaaxctaa cacgtgcaat caacaaaaac 540 

aagtgcgaca ttgctgacct gaaaatggcc gttagcttca gtcaattcaa Cagaaggttt 600 

ctaaatgttg tgcggcaart ttcagacaat gctggaataa caccagcaat atccttggac 660 

ttaatgacag atgcrgaact agccagagct gtttccaaca tgccaacatc tgcaggacaa 720 

araaaactga tgttggagaa ccgtgcaatg gtaagaaga y yy 759 

<21Q> 43 
<211> 759 
<212> DNA 

<213> human metapneumovlrus 

<220> 
<221> gene 
<222> C1).-.C7593 

<223> human metapneumovirus, strain Quebec Isolate No 
hMPV-217 

<400> 43 

atgtcttgga aagtggtgat cattttxtta ttgttaaraa cacctcaaca cggtcttaaa 60 

gagagccatt tagaagagtc axgtageacf ataactgaag gatatcrcag tgttctaaoa 120 

acaggttggt ataccaacgt ttttacactg gaggtaggtg atgtagagaa ccttacatgt 180 

gctgatggac ctagcttaat aaaaacagaa ttagacctga cciaaagtgc actaagagaq 240 

^S^ag 22222^ tcaactggca agagaggagc aaattglgla ?ccclglcll 300 
tctagarttg ttctaggagc aatagcactc ggtgttgcaa cagcagctac aottacaara 

ggtgttgcaa ttgccaaaac catccggctt gaaagtgaag talcagcaat taS^c 420 

ctcaaaaaga ccaatgaagc agtatctaca ttggggaatg gagttcgagi qrtqacaact 4R0 

gcagtgagag agctgaaaga ttttgtgagc aagaatctaa cacgtgcaat caacaaalac tin 

EESSSfS g mt 3g« gtlagcxtci gcSStSi SSSSttt 600 

ctaaatgttg tgcggcaatt ttcagacaat gctggaataa caccagcaat atccttaaac 660 

ttaatgacag atgctgaact agccagagct gtttccaaca tgccaacatc tqcaaailaa 7?o 

ataaaactga tgttggagaa ccgtgcaatg gtaagaaga 9Ctaacaxc waggacaa 720 

<210> 44 
<211> 759 
<212> DNA 

<213> human metapneumovirus 

<220> 

<221> gene 

<222> CD--.C759) 

<223> hMPv-2S8 taPneUmOVirUS ' strain Q uebe c isolate No 
<400> 44 

atgtcttgga aagtggtgat cattttttca ttgttaataa cacctcaaca cootcxtaaa so 
gagagctatt tagaagagtc atgtagcact ataactgaag gatatctcaq tattctaa^a ifn 
acaggttggt ataccaacgt ttttacactg gaggtaggtg atotaoaaal rrttarfrnr ion 

«sg^ pa? jsssss ssssas sssbs sssgs is 
ssss: assas saas ssskss s sis 111 I 

gcagtgaggg agctgaaaga ttttgtgagc aagaatctaa cacgtgciat caacaaHfl tin 

mass Bg sxstis sssss s&Sss sll i 
333s sgss jsfe t9CcalSS SSSISI I 

<210> 45 
<:212> 759 
<212> DNA 

<213> human metapneumovirus 

<220> 
<;221> gene 
<222> CD...C759) 



WO 2004/057021 



PCT/CA2003/001994 



20/52 

<223> human metapneuinovi rus , strain Quebec isolate no 
Hmpv-223 

<40O> 45 

atgtcttgga aagtggtgat cattttttca ttgttaataa cacctcaaca cggtcttaaa €0 

gagagctatt tagaagagtc atgtagcact ataactgaag .gatatctcag tgrcctgagg 120 

acaggttggt ataccaacgt ttttacactg gaggtaggtg atgtagagaa ccttacatgt 180 

gctgatggac ctagcttaat aaaaacagaa ttagacctga ccaaaagtgc actaagagag 240 

ctcagaacag tttctgctga tcaactggca agagaggagc aaartgaaaa tcccagacaa 300 

tctagatttg ttctaggagc aatagcactc ggtgttgcaa cagcagctgc agttacagca 360 

ggtgttgcaa rcgccaaaac catccggctt gaaagtgaag taacagcaat taagaatgcc 420 

ctcaaaaaga ccaatgaagc agtatctaca ttggggaatg gagttcgagt ottggcaact 4B0 

gcagrgagag agctgaaaga ttttgtgagc aagaatctaa cacgtgcaat caacaaaaac 540 

aagtgcgaca ttgctgacct gaaaatggcc gttagcttca gtcaattcaa cagaaggttt 600 

ctaaaxgttg tgcggcaatt ttcagacaat gctggaataa caccagcaat atccttggac 660 
ttaatgacag atgctgaact agccagagct gtttccaaca tgccaacatc tgcaqgacaa ' 720 

ataaaactga tgttggagaa ccgtgcaatg gtaagaaga • 759 

<210> 46 
<213> 759 
<212> DNA 

<213> human metapneumovirus 
<220> 

<221> gene 
<222> CD...C759) 

<223> human metapneumovirus, strain Quebec Isolate no 
hMPV-22S 

<400> 46 

atgtcttgga aagtggtgax cattttttca ttgttaataa cacctcaaca cggtcttaaa 60 

gagagctatt tagaagagtc atgtagcact ataactgaag gatatctcag tgttctqaqq 120 
acaggttggt ataccaacgt ttttacactg gaggtaggtg atgtagagaa ccttacatgt ' ISO 

gctgatggac ctagcttaat aaaaacagaa ttagacctga ccaaaagtgc actaagagag 240 

ctcagaacag tttctgctga tcaactggca agagaggagc aaattgagaa tcccagacaa 300 

tctagatttg ttctaggagc aatagcactc ggtgttgcaa cagcagctgc agttacagca 360 

ggtgttgcaa ttgccaaaac catccggctt gaaagtgaag taacagcaat taagaatgcc 420 

ctcaaaaaga ccaatgaagc agtatctaca ttggggaatg gagttcgagt gttggcaact 480 

gcagrgagag agctgaaaga ttttgtgagc aagaatctaa cacgtgcaat caacaaaaac 540 

aagtgcgaca ttgctgacct gaaaatggcc gttagrttca gtcaattcaa caqaaqqttt 600 

ctaaatgttg tgcggcaatt ttcagacaat gctggaataa caccagcaat atccttggac 660 

ttaatgacag atgctgaact agccagagct gtttccaaca tgccaacatc tgcaqgacaa 720 

ataaaactga tgttggagaa ccgtgcaatg gtaagaaga B 89 759 

<210> 47 
<211> 759 
<212> DNA 

<213> human metapneumovirus 
<220> 

<223> gene 
<222> CD.-.C759) 

<223> human metapneumovirus, strain Quebec isolate No 
C~o5So5 » 

<400> 47 

atgtcttgga aagtggtgat cattttttca ttgttaataa cacctcaaca cqgtcttaaa 60 

gagagctatt tagaagagtc atgtagcact ataactgaag gatatctcag tgttctqaqq 120 

^t^t «»caacgx ttttacactg gaggtalgtg atgtagagaa SSSStS? 1B0 

gctgatggac ctagcttaat aaaaacagaa ttagacctga ccaaaagtgc actaaqaaaa 240 

ctcagaacag tttctgctga tcaactggca agagaggagc aaattgagaa tcccagacaa loo 

tctagatttg ttctaggagc aatagcactc ggtgttgcaa cagcagctgc agttactgct 360 

ggtgttgcaa ttgccaaaac catccggctt gaaagtgaag taacagcaat taagaatgcc 420 

ctcaaaaaga ccaatgaagc agtatctaca ttggggaatg gagttcgagt gttggcaact 480 

gcagtgagag agctgaaaga ttttgtgagc aagaatctaa cacgtgcaat caacaaaaac 540 

aagtgcgaca ttgctgacct gaaaatggcc gttagcttca gtcaattcaa SgSoqttt 600 

■SSKSfS 8 ^ c 93 caatt ttcagacaat gctggaataa caccagcaat atccttggac 660 

ttaatgacag atgctgaact agccagagct gtttccaaca tgccaacatc tgcaqqicaa 720 

ataaaactga tgttggagaa ccgtgcaatg gtaagaaga y ta<4taTC ^ ca S9 aca a 720 

<210> 48 
<211> 759 
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<212> DNA 

<213:> human metapneumovirus 

<220> , 
<221> gene 
<222> 

<223> human metapneumovirus, strain Quebec isolate No 
C-60298 

<400> 48 

atgtcttgga aagtggtgat cattttttca ttgttaataa caccteaaca cggtcttaaa 60 

gagagctatt tagaagagtc atgtagcact ataactgaag gatatctcag tgttctgagg- .120 

acaggttggt ataccaacgt ttttacactg gaggtaggtg atgtagagaa ccttacatgt 180 

Sctgatggac ctagcttaat aaaaacagaa ttagatctga ccaaaagtgc actaagagag 240 

ctcagaacag tttctgctga tcaactggca agagaggagc aaattgagaa tcccagacaa 300 

tctagatttg ttctaggagc aatagcactc ggtgttgcaa cagcagctgc agttacagca 360 

ggtgttgcaa ttgccaaaac catccggctt gaaagtgaag taacagcaat taagaatgcc 420 

ctcaaaaaga ccaatgaagc agtatctaca ttggggaatg gagttcgagt gttggcaact 480 

gcagtgaggg aactgaaaga ttttgtgagc aagaatctaa cacgtgcaat caacaaaaac 540 

aagtgcgaca ttgctgacct gaaaatggcc gtxagcttca gtcaattcaa cagaaggttt 600 

ctaaatgttg tgcggcaatt ttcagacaat gctggaataa caccagcaat atcettggac 660 

ttaatgacag atgctgaact agccagagct gtttccaaca tgccaacatc tgcaggacaa 720 

ataaaactga tgttggagaa ccgtgcaatg gtaagaaga 759 

<;210> 49 
<211> 759 
<212> PNA 

<213> human metapneumoyirus 
<220> 

<22l> gene 

<222> CD --.(759) 

<223> human metapneumovirus, strain Quebec isolate No 
C— 63778 

<400> 49 

atgtcttgga aagtggtgat tatcatttcg ttactcataa cacctcagca cggactaaag 60 

gaaagttatt tagaagaatc atgtagtact ataactgaag gatatctcag tgttttaaga 120 

^SSiSgiJ ct ^ xacatta gaagttggtg ttgttgaaaa tcttacatgt 180 

actgatggac ctagcttaat caaaacagaa cttgacctaa ccaaaagtgc tctaaqaqaa 240 

5£***?gS EJSgSSK tca 9 t H 9 £ g a 9*9^gaac aaattgaaaa tcccagacaa 300 

tcaaggtttg tcctaggtgc aatagctctt ggtgttgcca cagcagcagc agtcacagca 360 

ggcattgcga tagccaaaac cataaggctt gagagtgaag tgaatgcaat caaaggtgct 420 

ctcaaaacaa ccaacgaggc agtatccaca ctaggaaatg gagtgcgagt cctagccacc ' 480 

gcagtaagag agctgaaaga atttgtgagc aaaaacctga ctagtgcaat taacaagaac 540 

aaatgtgaca ttgctgatct gaagatggct gtcagcttca gtcaattcaa cagaagittc 600 

S?S?SSS 252 9aca 2 S^W*™ caccagcaat atStggg£ 660 
ctaatgactg atgctgagct ggccagaact gtatcataca tgccaacatt tgcaggacag 720 
ataaaactaa tgttagagaa ccgtgcaatg gtaagaaga y^yy^y /|u 

<210> 50 
<211> 759 
<212> DNA 

<213> human metapneumovirus 
<220> 

<221> gens 

<222> (1) . . . (759) 

<223> human metapneumovi rus, strain Quebec Isolate No 
C- 64199 

<400> 50 

atgtcttgga aagtggtgat tatcatttcg ttactcataa cacttcagca cggactaaaa 60 

gaaagttatt tagaagaatc atgtagtact ataactgaag gatatctcag tgttttaaga 120 

acaggttggt acaccaatgt ctttacatta gaagttggtg atgttgaaaa tcttacatgt 180 

SSffS?" £ aaaaca 9 aa cttgacctal ccaaalgtgl tctaaglgla 240 

ctcaaaacag tttctgctga tcagttagcg agagaagaac aaattgaaaa tcccagacaa 300 

tcaaggtttg tcctaggtgc aatagctctt ggtgttgcca cagcagcagc agtcacagca 360 

ggcattgcga tagccaaaac cataaggctt gaglgtgaag tgaatgcaat caaaga?gct 420 

^ aaaacaa ccaacgaggc agtatccaca ctaggaaatg gagtgcgagt cctagccacc 480 

gcagtaagag agctgaaaga atttgtgagc aaaaacctga ctagtgcaat taacaaqaac 540 

aaatgtgaca ttgcxgatct gaagatggct gtcagcttca gtclattcaa cagaaga^c 600 
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ruaaatattq tgcggcagtt ttcagacaat gcagggataa caccagcaat atcattggac 660 

ctaatqactg atgcrgagct ggccagagct gtatcataca tgccaacatc tgcaggacag 720 

ataaaactaa tgttagagaa ccgtgcaatg gtaagaaga 759 

<210> 51 
<211> 759 
<212> DNA 

<213> human metapneumovirus 

<220> 
<22X> .gene 

<222> CD..-C759) . - , 

<223> human metapneumovirus, strain Quebec Xsolate No 
C- 64200 

<400> 51 ■ 

atgtcttgga aagtggtgat tatcatttcg ttactcataa cacctcagca cggactaaaa 60 

gaaagttatt tagaagaatc atgtagtact ataactgaag gatatctcag tgttttaaga 120 

acaggttggt acaccaatgt ctttacatta gaagttggtg atgttgaaaa tcttacatgt ISO 

actgatggac ctagcttaat caaaacagaa cttgacctaa ccaaaagtgc tctaagagaa 240 

ctcaaaacag tttctgctga tcagtt.agcg -agagaagaac aaattgaaaa tcccagacaa 300 

tcaaggtttg tcctaggtgc aatagctctt ggtgttgcca cagcagcagc agtcacagca 360 
ggcattgcga tagccaaaac cataaggctt gagagtgaag tgaatgcaat caaaggtgct . 420 

cxcaaaacaa ccaacgaggc agtatccaca ctaggaaatg gagtgcgagt cctagccacc 480 

gcagtaagag agctgaaaga atttgtgagc aaaaacctga ctagtgcaat taacaagaac 540 

aaatgtgaca ttgctgatct gaagatggct gtcagcttca gtcaattcaa cagaagattc 600 

ctaaatgttg tgcggcagtt ttcagacaat gcagggataa caccagcaat atcattggac 660 

etaatgactg atgctgagct ggccagagct gtatcataca tgccaacatc tgcaggacag 720 

ataaaactaa tgttagagaa ccgtgcaatg gtaagaaga 759 

<210> 52 
<211> 759 
<212> DNA 

<213> human metapneumovi rus 

<220> 
<221> gene 

<222> ?D . . . C759) . . 

<223> human metapneumovi rus, strain Quebec isolate No 
C-64536 

<4O0> 52 

atgtcttgga aagtggtgat tatcatttcg ttactcataa cacctcagca cggactaaaa 60 

gaaagttaxt tagaagaatc atgtagtact ataactgaag gatatctcag tgttttaaga 120 

acaggttggt acaccaatgt ctrtacatta gaagttggtg atgttgaaaa tcttacatgt 180 

actgatggac ctagcttaat caaaacagaa cttgacctaa ccaaaagtgc tctaagagaa 240 

ctcaaaacag tttctgctga tcagttagcg agagaagaac aaattgaaaa tcccagacaa 300 

tcaaggtttg tcctaggtgc aatagctctt ggtgttgcca cagcagcagc agtcacagca 360 

ggcattgcga tagccaaaac cataaggctt gagagtgaag tgaatgcaat caaaggtgct 420 

ctcaaaacaa ccaacgaggc agtatccaca ctaggaaatg gagtgcgagt cctagccacc 480 

gcagtaagag agctgaaaga atttgtgagc aaaaacctga ctagtgcaat taacaagaac 540 

aaatgtgaca ttgctgatct gaagatggct gtcagcttca gtcaattcaa cagaagattc 600 

ctaaatgttg tgcggcagtt ttcagacaat gcagggataa caccagcaat atcattggac 660 

ctaatgactg atgctgagct ggccagagct gtatcataca tgccaacatc tgcaggacag 720 

ataaaactaa tgttagagaa ccgtgcaatg gtaagaaga 759 

<210> 53 

<211> 759 

<212> DNA 

<213> human metapneumovi rus 

<220> 

<221> gene 

<222> CD...C759D 

<223> human metapneumovirus, strain Quebec isolate No 
C-73769 

<400> 53 

atgtcttgga aagtggtgat tatcatttcg ttactcatac cacttcagca cggactaaaa 60 

gaaagttatt tagaagaatc atgtagtact ataactgaag gatatctcag tgttttaaga 120 

ccaggttggt acaccaatgt ctxtacatta gaagttggtg atgttgaaaa tcttacatgt 180 

actgatggac ctagcttaat caaaacagaa cttgacctaa ccaaaagtgc tctaagagaa 240 
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ctcaaaacag tttctgctga tcagttagcg agagaagaac aaattgaaaa tcccagacaa BOO 

tcaaggtttg tcctaggtgc aatagctctt ggtgttgcca eagcagcagc agtcacagca 360 

ggcattgcga tagccaaaac cataaggctt gagagtgaag tgaatgcaat caaaggtgct 420 

ctcaaaacaa ccaacgaggc agtatccaca ctaggaaatg gagtgcgagt cctaqccacc 480 

gcagtaagag agttgaaaga atttgtgagc aaaaacctga ctagtgcaat taacaagaac 540 

aaatgrgaca ttgcxgatct gaagatggct gtcagcttca gtcaattcaa caaaaoattc 600 

ctaaatgttg tgcggcagtt ttcagacaat gcagggataa caccagcaat atcattaaac R60 

ctaatgactg atgctgagct ggccagagct gtatcataca tgoSSSc "SSoSSS 720 

ataaaactaa tgttagagaa ccgtgcaatg gtaagaaga xgcaggacag 720 

<21Q> 54 
<2U> 759 
<212> DNA 

<213> human metapneumovi rus 

<220> 

<221> gene 

<222> !l)...C759) 

<223> human metapneumovi rus, strain Quebec isolate No 
<400> 54 

axgtcttgga aagtggtgat tatcatttcg ttactcataa cacttcaaca r nt , a r« aa!1 
gaaagttatt tagaagaatc atgtagtact ataactgaag gatatctcao tl??«llnf ifn 
acaggttggt acaccaatgt ctttacatta gaagttggtg atgttoaaal iSSS+S «n 

mmmmmm i 

gcagtaagag agctgaaaga atttataaoc aaaasrrmS r+**+*iZz+ cccagccacz 480 

aaatgtgaca ttgctgatct gaagalgg^t gScttca* gtclattcla 22221555 152 

ctaaatgttg tgcggcagtt ttcagaclat gcaglgatat cacwgcalt SISSSSc tin 

ctaatgactg atgctgagct ggccagaact atatcataca ^nrra§^?I atcattagac 660 

ataaaactaa tg?tagagaa sSgSSS gtaagaaga* ********* tgcaggacag 720 

<210> 55 
<211> 759 
<212> DNA 

<213> human metapneumovi rus 
<220> 

<221> gene 

<222> CD.-.-C759) 

<223> human^metapneumovirus, strain Quebec isolate No 
<40O> 55 \ 

ilil I'llil ili iiif liig 13 a 

as si mi i 111 111 pi i 

131 S S3 ill II SS 8 

aaatgtgaca ttgctgatct gaagatgqct otcaacttcl SSSSS!* caaca 99*ac 540 

ctcaatgttg tgcggcagtt ttcaoaclat SS aattca 2 cagaagattt 600 

ctaatgactg atoctgaatt Sccagagct gtatlataef atcattggac 660 

ataaaactga tgttggagaa c^SSig S|aaga t ;9 ccaacatc tgcaggacag 720 



<210> 56 
<2H> 759 
<212> DNA 

<213> human metapneumovi rus 

<220> 

<2Z3> gene 

<222> ?13...C75gD 

huma^metapneumovirus, strain Quebec Is'olate No 



759 
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<400> 56 

atgtcttgga 

gagagttatt 

acgggctggt 

actgatggac 

ctcaaaaeag 

rcaagatttg 

ggcattgcaa 

ctcaaacaaa 

gcagtgagag 

aaatgtgaca 

ctaaatgttg 

ctaatgactg 

ataaaactga 



aagtggtgat 
tggaagaatc 
acaccaatgt 
.ctagcttaat 
tctcrgctga 
tcctaggtgc 
tagccaaaac 
ctaatgaagc 
agctaaaaga 
ttgctgatct 
tgcggcagtt 
atgctgaatt 
tgtrggagaa 



catcatttcg 
atgcagtact 
cttcacarta 
caaaacagaa 
tcagttaacg 
aatagcxctc 
cataaggctt 
agtatccaca 
atttgtgagc 
gaagatggct 
ttcagacaat 
ggccagagct 
ccgtgcaatg 



ttactcataa 
ataactgagg 
gaagttggtg 
cttgacctaa 
agagaggagc 
ggagtxgeta 
gagagtgagg 
ttaggaaatg 
aaaaatctga 
gtcagcttca 
gcagggataa 
gtatcataca 
gtaagaaga 



caccccagca 
gatacctcag 
atgttgaaaa 
caaaaagtgc 
aaattgaaaa 
cagcagcagc 
tgaatgcaar 
gtgtgcgggt 
ctagtgcaat 
gtcaattcaa 
caccagcaat 
tgccaacatc 



cgggctaaag 
tgttttaaga 
tcttacatgt 
tttaagggaa 
tcccagacaa 
agxcacagca 
taaaggtgct 
cctagccact 
caacaggaac 
cagaagattx 
atcattggac 
tgcaggacag 



<210> 57 
<211> 759 
<212> DNA 

<21S> human metapneumovi rus 
<220> 

<221> gene 

<222> tl)-.C759) . 

<223> human metapneumovirus, strain Quebec isolate No 
hMPV-118 



<400> 57 

atgtcttgga 

gaaagtxatt 

acaggttggt 

actgatggac 

ctcaaaaeag 

tcaaggtttg 

ggcattgcga 

ctcaaaacaa 

gcagtaagag 

aaatgtgaca 

ctaaatgttg 

ctaatgactg 

ataaaactaa 



aaggggtgat 
tagaagaatc 
acaccaatgt 
ctagcttaat 
tttctgctga 
tcctaggtgc 
tagccaaaac 
ceaacgaggc 
agctgaaaga 
ttgctgatct 
tgcggcagtt 
atgctgagct 
xgttagagaa 



tatcatttcg 
atgtagtacx 
ctttacatta 
caaaacagaa 
tcagttaacg 
aatagctctt 
cataaggctt 
agtatccaca 
atttgtgagc 
gaagatggct 
ttcagacaat 
ggccagagct 
ccgtgcaatg 



ttacxcataa 
ataactgaag 
gaagttggtg 
cttgacctaa 
agagaagaac 
ggtgttgcca 
gagagtgaag 
ctaggaaatg 
aaaaacctga 
gtcagcttca 
gcagggataa 
gtatcataca 
gtaagaaga 



cacctcagca 
gatatctcag 
atgttgaaaa 
ccaaaagtgc 
aaattgaaaa 
cagcagcagc 
tgaatgcaat 
gagtgcgagt 
ccagtgcaat 
gtcaattcaa 
caccagcaat 
tgccaacatc 



cggactaaaa 
tgttttaaga 
tcttacatgt 
tctgagagaa 
tcccagacaa 
agtcacagca 
caaaggtgct 
cctagccacc 
taacaagaac 
cagaagattc 
atcattagac 
tgcagggcag 



<210> 58 
<211> 759 
<212> DNA 

<213> human metapneumovirus 
<220> 

<221> gene 
<222> CX^--.C759) 
<223> human metapneumovirus, 
' hMPV-200 



strain Quebec isolate No 



<400> 58 

atgtcttgga 

gaaagttatt 

acaggttggt 

actgatggac 

ctcaaaacag 

tcaaggtttg 

ggcattgcga 

ctcaaaacaa 

gcagtaagag 

aaatgtgaca 

ctaaatgttg 

ctaatgactg 

ataaaactaa 



aagtggtgat 
tagaagaatc 
acaccaatgt 
ctagcttaat 
tttctgctga 
tcctaggtgc 
tagccaaaac 
ccaacgaggc 
agctgaaaga 
ttgctgatct 
tgcggcagtt 
atgctgagct 
tgttagagaa 



cattttttcg 
atgtagtact 
ctttacatta 
caaaacagaa 
tcagttaacg 
aatagctctt 
cataaggctt 
agtatccaca 
atttgtgagc 
gaagatggct 
ttcagacaat 
ggccagagct 
ccgtgcaatg 



ttactcataa 
ataactgaag 
gaagttggtg 
cttgacctaa 
agagaagaac 
ggtgttgcca 
gagagtgaag 
ctaggaaatg 
aaaaacctga 
gtcagcttca 
gcagggataa 
gtatcataca 
gtaagaaga 



cacctcagca 
gatatctcag 
atgttgaaaa 
ccaaaagtgc 
aaattgaaaa 
cagcagcagc 
tgaatgcaat 
gagtgcgagt 
ccagtgcaat 
gtcaattcaa 
caccagcaat 
Tgccaacatc 



cggactaaaa 
tgttttaaga 
tcttacatgt 
tctaagagaa 
tcccagacaa 
agtcacagca 
caaaggtgct 
cctagccacc 
taacaagaac 
cagaagattc 
atcattagac 
tgcagggcag 



60 
120 
180 
240 
300 
360 
420 
480 
540 
600 
660 
720 
759 



60 
120 
180 
240 
300 
360 
420 
480 
540 
600 
660 
720 
759 



60 
120 
180 
240 
300 
360 
420 
480 
540 
600 
660 
720 
759 



<21Q> 59 
<211> 759 
<212> DNA 

<213> human metapneumovirus 
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<220> 
<221> gene 
<222> (D...C759) 

<223> human metapneumo virus , strain Quebec Isolate No 
hMPV-176 

<400> 59 

atgtcttgga aagtggtgaf tatcatttcg ttactcataa cacctcagca cggactaaaa 60 

gaaagttatt tagaagaaxc atgtagtact ataactgaag gatatctcag tgttctaaga '120 

acaggrtggt acaccaatgt ctttacatta gaagttggtg atgttgaaaa tcttacatgt 180 

actgatggac ctagcttaat caaaacagaa cttgacctaa ccaaaagtgc tttaagagaa 240 

ctcaaaacag tttctgctga tcagttagcg agagaagaac aaattgaaaa tcccagacaa 300 

tcaaggtttg tcctaggtgc aatagctctc ggagttgcca cagcagcagc agtcacagca 360 

ggcattgcaa tagccaaaac tataaggctt gagagtgaag tgaatgcaat caaaggtgct 420 

ctcaaaacaa ccaatgaggc agtatcaaca ctaggaaatg gagtgcgggt cctagccact 480 

gcagtaagag agctgaaaga atttgtgagc aaaaacctga ctagtgcgat caacaagaac 540 

aaatgtgaca ttgctgattt gaagaxggct gtcagcttca gtcagttcaa cagaagattc 600 

ctaaatgttg tgcggcagtt ttcagacaat gcagggaraa caccagcaat atcattggac 6G0 

ctgatgactg atgctgagct ggccagagct gtatcataca tgccaacatc tgcaggacag 720 

ataaaactaa tgrtagagaa ccgtgcaatg gtaagaaga 759 

<210> 60 
<211> 711 
<212> DNA 

<213> human metapneumo virus 
<220> 

<221> gene 
<222> CD--- (711) 

<223> human metapneumovi rus, strain Quebec Isolate Mo 
hMPV-193 

<400> 60 

axggaggtga aagtggagaa cattcgaaca atagatatgc tcaaagcaag agtgaaaaat 60 

cgtgtggcac gcagcaaatg ctttaaaaat gcctctttga tcctaatagg aaraactaca 120 

ttgagtatag ccctcaatat ctatctgatc ataaactata caatgcaaga aaacaeatcc ISO 

gaatcagaac atcacaccag ctcatcaccc atggaatcca gcagggaaac tccaacggtc 240 

cccatggact acccagacac caatccaggc tcacagtatc caactcaaca gtccacagaa 300 

ggctccacac tctaccttgc agcctcagca agctcaccag agacagaacc aacatcaaca 360 

ccaaacacaa caagccgccc gcccttcgtc gacacacaca caacaccacc aagtgcaagc 420 

agaacaaaga caagtccggc agtccacaca aaaaacaatc caaggataag cctcagaaca 480 

carrccccac catgggcaat gacaaggacg gtccgcggaa ccaccactct ccgcacaagc 540 

agcacaagaa aaagaccgtc tacagcatca gtccaacctg acagcagcgc aacaacccac 600 

aaacacgaag aagcaagccc agtgagcccg caaacatctg caagcacagc aagaccacaa 660 

aggaaggtcatggaggccag cacatcaaca acatacaatc aaactagtta a m 

<210> 61 

<211> 711 ' * 

<212> DNA 

<213> human metapneumovi rus 

<220> 
<221> gene 
<222> (I)... (711) 

<223> human metapneumovi rus y strain Quebec Isolate No 
hMPV-228 

<400> 61 

atggaggtga aagtggagaa cattcgaaca atagatatgc tcaaagcaag aqtqaaaaat 60 

cgtgtggcac gcagcaaatg ctttaaaaat gcctctttga tcctaatagg altaactaca 120 

ttgagtatag ccctcaatat ctatctgatc ataaactata caatgcaaga aaacaeatcc 180 

gaatcagaac atcacaccag ctcatcaccc atggaatcca gcagggaaac tccaacggtc 240 

!^^ ac c * a ^aggc tcacagtatc caactcaaca gtccacagaa 300 

P^tccacac agcctcagca agctcaccag agacagaacc aacatcaaca 360 

ccaaacacaa caagccgccc gcccttcgtc gacacacaca caacaccacc aagtgcaagc 420 

agaacaaaga caagtccggc agtccacaca aaaaacaatc caaggataag cctcagaaca 480 

^HS ccac catgggcaat. gacaaggacg gtccgcggaa ccaccactct ccgcacaagc 540 

agcacaagaa aaagaccgtc 'tacagcatca gtccaacctg acagcagcgc aacaacccac 600 

*na**n^ g S^SSSS ^9*9^ caaacatctg caagcacagc aagaccacaa 660 

aggaaggtca tggaggccag cacatcaaca acatacaatc aaactagtta a 711 
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<Z10> 62 
<211> 711 
<212> DNA 

<213> human metapneumovi rus 

<220> 
<223j> gene 

<222> CU.--C711) t . 

<223> human metapneumovirus, strain Quebec isolate No 
C-77748 . 

<400> 62 

atggaggtga aagtggagaa cattcgaaca atagatatgc tcaaagcaag agtgaaaaat 60 

cgtgtggcac gcagcaaatg ctttaaaaat gcctctttga tcctaatagg aataactaca 120 

ttgagtatag ccctcaatat ctatctaatc ataaactata caatgcaaga aaacacatcc 180 

gaatcagaac atcacaccag ctcatcaccc atggaatcca gcagggaaac tccaacagtc 240 

cctatggaca actcagacac caatccaggc tcacagtatc caactcaaca gtccacagaa 300 

ggctccacac tctactttgc agcctcagca agctcaccag agacagaacc aacatcaaca . 360 

ccagacacaa caagccgccc gcccttcgtc gacacacaca caacaccacc aagtgcaagc 420 

agaacaagga caagtccggc agtccacaca aaaaacaatc caaggacaag ccccagaaca 480 

cattccccac catgggcaat gacaaggacg gtccgtggaa ccaccactct ccgcacaagc 540 

agcacaagaa aaagaccgtc tacagcatca gtccaacctg acagcagcgc aacaacccac 600 

aaacacgaag aagcaagccc agtgagcccg caaacatctg cgagcacagc aagaccacaa -660 

aggaagggca tggaggccag cacatcaaca acatacaacc aaactagtta a 711 

<210> 63 

<2ii> 711 

<212> DNA 

<213> human metapneumovi rus 
<220> 

<221> gene 

<222> ?1) ■ • . C711) . 

<223> human metapneumovi rus , strain Quebec isolate Mo 
C-78132 

<400> 63 

atggaggtga aagtggagaa cattcgaaca atagatatgc tcaaagcaag agtgaaaaat 60 

cgtgtggcac gcagcaaatg ctttaaaaat gcctctttga tcctaatagg aataactaca 120 

ttgagtatag ccctcaacat ctatctgatc ataaactata caatgcaaga aaacacatcc 180 

gaatcagaac atcacaccag ctcatcaccc atggaatcca gcagggaaac tccaacggtc 240 

cctatagaca actcagacac. caatccaggc tcacagtatc caactcaaca grccacagaa 300 

ggctccacac tccactttgc agcctcagca agctcaccag agacagaacc aacatcaaca 360 

ccagacacaa caagccgccc gcccttcgtc gacacacaca caacaccacc aagtgcaagc 420 

agaacaagga caagtccggc agtccacaca aaaaacaatc taaagataag ccccagaata 480 

cattccccac catgggcaat gacaaggacg gtccgtggaa ccaccactct ccgcacaagc 540 

agcacaagaa aaagaccgtc tacagcatca gtccaacctg acagcagcac aacaactcac 600 

aaacacgaag aagcaagccc agtgagccca caaacatctg caagcacagc aagaccacaa 660 

aggaagggca tggaggccag cacatcaaca acatacaacc aaactagtta a 711 

<2l6> 64 . 
<211> 711 
<212> DMA 

<213> human metapneumovn r us 
<220> 

<221> gene 

<222> ?!)... C711) 

<223> human metapneumovirus , strain Quebec isolate No 
C-78406 

<400> 64 

atggaggtga aagtggagaa cattcgaaca atagatatgc tcaaagcaag agtgaaaaat 60 

cgtgtggcac gcagcaaatg ctttaaaaat gcctctttga tcctaatagg aataactaca 120 

ttgagtatag ccctcaacat ctatctgatc ataaactata caatgcaaga aaacacatcc 180 
gaatcagaac atcacaccag ctcatcaccc atggaatcca gcagggaaac tccaacggtc • 240 

cctatagaca actcagacac caatccaggc tcacagtatc caactcaaca gtccacagaa 300 

ggctccacac tccactttgc agcctcagca agctcaccag agacagaacc aacatcaaca 360 

ccagacacaa caagccgccc gccctttgtc gacacacaca caacaccacc aagtgcaagc 420 

agaacaagga caagtccggc agtccacaca aaaaacaatc taaagataag ccccagaata 480 

cattccccac catgggcaat gacaaggacg gtccgtggaa ccaccactct ccgcacaagc 540 

agcacaagaa aaagaccgtc tacagcatca gtccaacctg acagcagcac aacaactcac 600 
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aaacacgaag aagcaagccc agtgagccca caaacatctg caagcacagc aagaccacaa 
aggaagggca tggaggccag . cacatcaaca acatacaacc aaactagtta a. * 

<2IO> 65 
<211> 711 
<212> DNA 

<213> human metapneumovi rus 
<220> 

<221> gene 

<222> CD.--C7U) 

<223> human metapneumovi rus , strain Quebec Isolate No 
C-73750 



660 
711 



<400> 65 

atggaggtga 

cgtgtggcac 

rtgagtatag 

gaatcagaac 

cctatagaca 

ggctccacac 

ccagacacaa 

agaacaaaga 

cattccccac 

agcataaaaa 

aaacacgaag 

aggaagggca 



aagtggagaa 
gcagcaaatg 
ccctcaacat 
atcacaccag 
actcagacac 
tccactttgc 
caagccgccc 
caagtccggc 
catggccaat 
aaagaccgtc 
aagcaagccc 
tggaggccag 



cattcgaaca 
ctttaaaaat 
ctatctgatc 
ctcatcaccc 
caatccaggc 
agcctcagca 
gcccttcgtc 
agtccacaca 
gacaaggacg 
cacagcatca 
agtgagccca 
cacatcaaca 



atagatatgc 
gcctctttga 
ataaactata 
atggaatcca 
tcacagtatc 
agctcaccag 
gacacacaca 
aaaaacaatc 
gtccgtggaa 
gtccaacctg 
caaacatctg 
acacacaacc 



tcaaagcaag 
tcctaatagg 
caatgcaaga 
gcagggaaac 
caactcaaca 
agacagaacc 
caacaccacc 
taaagataag 
ccaccactct 
acagcagcac 
caagcacagc 
aaactagtta 



agtgaaaaat 
aataactaca 
aaacacatcc 
tccaacggtc 
gtccacagaa 
aacatcaaca 
aagtgcaagc 
ccccagaaca 
ccgcacaagc 
aacaacccac 
aagaccacaa 
a 



<2IO> 66 
<211> 660 
<212> ON A 

.<213* human metapneumovi rus 
<220> 

<22J> aene 

<222> tl).,.C660) 

<223> human metapneumovi rus , strain Quebec isolate No 
C-6029S 



<400> 66 

atggaggtga 

cgtgtggcac 

ctgagtatag 

gaatcagaac 

tccacagaca 

aaccccacac 

ccagacacaa 

agaacaaaga 

caatccccac 

agcacaggaa 

aatcatgaag 



aagtggagaa 
gtagcaaata 
ctctcaatat 
accacaccag 
acccagacat 
tcaaccccgc 
caaaccgcct 
caaaaccgac 
cacgggcaac 
aaagaccaac 
aaacaggttc 



cattcgagca 
ctttaaaaat 
ctatctgatc 
ctcaccaccc 
caatccaaac 
agcatcagtg 
gtcctccgta 
agtccacaca 
aacgaaggca 
cacaacatca 
agcgaaccca 



atagacatgc 
gcttctttaa 
ataaactaca 
acagaatcca 
tcacagcatc 
agcccatcag 
gacaggtcca 
agaaacaacc 
atccgcagag 
gtccagtccg 
caggcatctg 



tcaaagcaag 
tcctcatagg 
caatacaaaa 
acaaggaagc 
caactcaaca 
aaacagaacc 
cagcacaacc 
caagcacagc 
ccaccacttt 
acagcagcac 
taagcacaat 



agtgaaaaat 
aataactaca 
aacctcatct 
ttcaacaatc 
gtccacagaa 
agcatcaaca 
aagtgaaagc 
ttccagtaca 
ccgcatgagc 
cacaacccaa 
gcaaaactag 



<210> 67 
<211> 654 
<212> DNA 

<213> human metapneumovi rus 

<220> 
<221> gene 
<222* CD..-C654) 

<223> human metapneumovi rus, strain Quebec isolate no 
C-747S3 



60 
120 
180 
240 
300 
360 
■420 
480 
540 
600 
660 
711 



60 
120 
180 
240 
300 
360 
420 
430 
540 
600 
660 



<400> 67 

atggaggtga 

cgtgtggcat 

ctgagtatag 

gaatcagaac 

tccacagaca 

aaccccacac 

ccagacacaa. 

agaacaaaga 



aagtggagaa 
gtagcaaatg 
ctctcaatat 
accacaccag 
acccagacat 
tcaaccccgc 
caaaccgcct 
caaaatcgac 



cattcgagca 
ctttaaaaat 
ctatttgatc 
ctcaccaccc 
caatccaaac 
agtatcaaca 
gtcctccgta 
agtccacaca 



atagacatgc 
gcttctttaa 
ataaaccaca 
acagaatcta 
tcacagcatc 
agcccatcag 
gacaggtcca 
agaaacaacc 



tcaaagcaag 
tcctcatagg 
caatacaaaa 
acaaggaagc 
caactcaaca 
aaacagaacc 
cagcacaacc 
caagcacagc 



agtgaaaaat 
aataactaca 
aaccacatct 
ttcaacaatc 
gtctacagaa 
aacatcaaca 
aagtgaaagc 
ttccagcaca 



60 
120 
180 
240 
300 
360 
420 
480 
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caatccccac cacgggcaac aacgaaggca atccgcagag ccaccacttt ccgcatgagc 540 

agcacagaaa aaagaccaac cacaacacta gtccagtacg acagcagcac cacaacccaa 600 

aatcatgaag aaacaggttc agcgaaccca caggcatctg caagcacaat gtaa 654 

<210> 68 
<211> 660 
<212> PNA 

<213> human metapneumovi rus 

<220> 

<22l> gene 

<222> CD... (660) 

<223> human metapneumovi rus , strain Quebec isolate No 
C-74549 

<400> 68 

atggaggtga aagtggagaa cattcgagca atagacatgc tcaaagcaag agtgaaaaat 60 

cgtgtggcac gtagcaaatg cttcaaaaat gcttccccaa tcctcacagg aataaccaca 120 

ctgagcatag ctctcaatat ccacccgatc ataaactaca caatacaaaa aaccacatct ISO 

gaatcagaac accacaccag ctcaccaccc acagaatcta acaaggaagc ttcaacaatc 240 

tccacagaca acccagacat caatccaaac tcacagcatc caactcaaca gtctacagaa 300 

aaccccacac tcaaccccgc agtatcaaca. agcccatcag aaacagaacc aacatcaaca 360 

ccagacacaa caaaccgcct gtcctccgta gacaggtcca cagcacaacc aagtgaaagc 420 

agaacaaaga caaaatcgac agtccacaca agaaacaacc caagcacagc ttccagcaca 4B0 

caatccccac cacgggcaac aacgaaggca atccgcagag ccaccacttt ccgcatgagc 540 

agcacagaaa aaagaccaac cacaacatta gtccagtacg acagcagcac cacaacccaa 600 

aatcatgaag aaacaggttc agcgaaccca caggcatctg taagcacaat gtaaaactag 660 

<210> 69 
<211> 711 
<212> DNA 

<213> human metapneumovi rus 

<220> 

<221> gene 

<222> CD-.. (711) 

<223> human metapneumovi rus, strain Quebec Isolate no 
C-77807 

<400> 69 

atggaggtga aagtggagaa cattcgaaca atagatatgc tcaaagcaag agtgaaaaat 60 

cgtgtggcac gcagcaaatg ctttaaaaat gcctctttga tcctaatagg aataacgaca 120 

ttgagtatag ccctcaacat ctatctgatc ataaactata caatgcaaga aaacacatcc 180 

gaatcagaac atcacaccag ctcatcaccc atggaatcca gcagggaaac tccaacggtc 240 

cctatagaca actcagacac caatccaggc tcacagtatc caactcaaca gtccacagaa 300 

ggctccacac tccactttgc agcctcagca agctcaccag agacagaacc aacatcaaca 360 

ccagacacaa caagccgccc gcccttcgtc gacacacaca caacaccacc aagtgcaagc 420 

agaacaagga caagtccggc agtccacaca aaaaacaatc taaagataag ccccagaata 480 

cattccccac catgggcaat gacaaggacg gtccgtggaa ccaccactct ccgcacaagc 540 

agcacaagaa aaagaccgtc tacagcatca gtccaacctg acagcagcac aacaactcac 600 

aaacacgaag aagcaagccc agtgagccca caaacatctg caagcacagc aa'gaccacaa 660 

aggaagggca tggaggccag cacatcaaca acatacaacc aaactagtta a 711 

<210> 70 

<211> 711 

<212> DiMA 

<213> human metapneumovi rus 

<220> 

<:221> gene 

<222> CD...C7303 

<223> human metapneumovi rus , strain Quebec Isolate No 
C- 78163 

<40Q> 70 

atggaggtga aagtggagaa cattcgaaca atagatatgc tcaaagcaag agtgaaaaat 60 

cgtgtggcac gcagcaaatg ctttaaaaat gcctctttga tcctaatagg aataactaca 120 

ttgagtatag ccctcaacat ctatctgatc ataaactata caatgcaaga aaacacatcc 180 

gaatcagaac .atcacaccag ctcatcaccc atggaatcca gcagggaaac tccaacggtc 240 

cctatagaca actcagacac caatccaggc tcacagtatc caactcaaca gtccacagaa 300 

ggctccacac tccactttgc agcctcagca agctcaccag agacagaacc aacatcaaca 360 

ccagacacaa caagccgccc gcccttcgtc gacacacaca caacaccacc aagtgcaagc 420 
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agaacaagga caagtccggc agtccacaca aaaaacaatc taaagataag ccccagaata 480 

cattccccac catgggcaat gacaaggacg gtccgtggaa ccaccactct ccgcacaagc- 540 

agcacaagaa aaagaccgtc tacagcatca gtccaacctg acagcagcac aacaactcac 600 

aaacacgaag aagcaagccc agtgagccca caaacatctg caagcacagc aagaccacaa 660 

aggaagggca tggaggccag cacatcaaca acatacaacc aaactagtta a 711 

<210> 71 
<211> 711 
<212> DNA 

<213> human metapneumovi rus 

<220> 
<221> gene 
<222> U).. .C711D 

<223> human metapneumovi rus , strain Quebec isolate No 
C-68661 

<400> 71 

axggaggtga aagtggagaa cattcgaaca atagatacgc tcaaagcaag agtgaaaaat 60 

cgtgtggcac gcagcaaatg ctttaaaaat gcctctttga tcctaatagg aataactaca 120 

ttgagtatag cccccaatat ctatctgatc ataaactata caatgcaaga aaacacatcc 180 

aaatcagaac atcacaccag ctcatcaccc atggaatcca gcagggaaac tccaacggtc 240 

cctatagaca actcagacac caatccaggc tcacagxatc caactcaaca gtccacagaa 300 

ggctccacac tccactttgc agcctcagca agctcaccag agacagaacc aacatcaaca 360 

ccagacacaa caagccgccc gcccttcgtc gacacacaca caacaccacc aagtgcaagc 420 

agaacaagga caagtccggc agrccacaca aaaaacaatc caaggataaa ccccagaaca 480 

cattccccac catgggcaat gacaaggacg gtccgtggaa ccaccactct ccgcacaagc 540 

agcacaagaa aaagaccgtc cacagcatca gtccaacccg acagcagcgc aacaacccac 600 

aaacacgaag aagcaagccc agtgagccca caaacatctg .caagcacagc aagaccacaa 660 

aggaagggca tggaggccag cacatcaaca acatacaacc aaactagtta a 711 

<210> 72 
<211* 711 
<212> DNA 

<213> human metapneumovi rus 

<220> 
<221> gene 
<222> CD... (711) 

<223> human metapneumovi rus, strain Quebec . isol ate No 
C-88448 

<400> 72 

atggaggtga aagtggagaa cattcgaaca atagatatgc tcaaagcaag agtgaaaaat 60 
cgtgtggcac gcagcaaatg ctrtaaaaat gcctctttga tcctaatagg aataactaca 120 
SsSSSlJ? S^SH* ctatctaa « ataaactata caatgcaagi laaclcalcc 



180 
240 

222£S2£ ^H ctttgc a 3cctcagc£ agHHcHag agacagaacc aacttcaact 360 

S 



gaatcagaac atcacaccag ctcatcaccc atggaatcca gcagggaaac tccaacaqtc 240 
SSESK? %**S? mc tc *^tatc taac?caaca Jtcctcagaa 



agaacaagga caagtccggc agtccacaca aaaaacaatc caaggacaag ccccagaaca 4S0 

cattccccac catgggcaat gacaaggacg gtccgtggaa ccaccactct ccacacaaac 540 

agcacaagaa aaagaccgtc cacagcatca gtccaacctg acagcagcgc aacalcccac 600 

aaacacgaag aagcaagccc agtgagcccg caaacatctg cgagcacagc aagaccma 660 

aggaagggca tggaggccag cacatcaaca acatacaacc aaactagtta aagaccacaa °™ 

<210> 73 
<211> 711 
<212> PNA 

<213> human metapneumovi r us 

<220> 
<221> gene 
<222> CD - . - (711) 

<223> human metapneumovi rus, strain Quebec Isolate No 

C-8B470 
<400> 73 

atggaggtga aagtggagaa cattcgaaca atagatatgc tcaaagcaaq aotaaaaaat fif> 
SE2i2 9 S ac gcagcaaatg ctttaaaaat gcctctttga tcctaatagg lata™ca 120 

gaa?caaaac atcac™ 2£Si" c caatgcaafil IIIcScc 180 

gaatcagaac atcacaccag ctcatcaccc atggaatcca gcagggaaac tccaacggtc 240 



2004057021A2J_> 



WO 2004/057021 



PCT/CA2003/001994 



30/52 

-ccatggact acccagacac caatccaggc xcacagcatc caactcaaca gtccacagaa 300 

Jgctccacac tctactttgc agcctcagca agctcaccag agacagaacc aacatcaaca 360 

-caaacacaa caagccgccc gcccttcgtc gacacacaca caacaccacc aagtgcaagc 420 

agaacaaaga caagtccggc agtccacaca aaaaacaatc caaggaxaag cctcagaaca 480 

cattccccac catgggcaat gacaaggacg . gtccgcggaa ccaccactct ccgcacaagc 540 

agcacaagaa aaagaccgtc tacagcatca gtccaacctg acagcagcgc aacaacccac 600 

aaacacgaag aagcaagccc agtgagcccg caaacatctg caagcacagc aagaccacaa 660 

aggaaggxca tggaggccag cacatcaaca acatacaaec aaactagtta a 711 

<2X0> 74 
<211> 711 

<212> dna -^^l. 
<213> human metapneumovi rus 

<220> 

<221> gene 
<222> CD-..C711) 

<223> human metapneumovi rus , strain Quebec Isolate No 
C-86316 

<400> 74 

atggaggtga aagtggagaa cattcgaaca atagatatgc tcaaagcaag agtgaaaaat 60 

cgtgtggcac gcagcaaatg ctttaaaaat gcctctttga tcctaatagg aataactaca 120 

ttgagtatag ccctcaatat ctatctaatc ataaactata caatgcaaga aaacacatcc ISO 

gaatcagaac atcacaccag ctcatcaccc atggaatcca gcaaggaaac tccaacagtc 240 

cctatggaca acccagacac caatccaggc tcacagtatc caactcaaca gtccacagaa 300 

ggctccacac tctactttgc agcctcagca agctcaccag agacagaacc aacatcaaca 360 

ccagacacaa caagccgccc gcccttcgtc gacacacaca caacaccacc aagtgcaagc 420 

agaacaagga caagtccggc agtccacaca aaaaacaatc caaggacaag cctcagaaca 480 

cattccccac catgggcaat gacaaggacg gtccgtggaa ccaccactct ccgcacaagc 540 

agcacaagaa aaagaccgtc cacagcatca gtccaacctg acagcagcgc aacaacccac 600 
aaacacoaaa aagcaaaccc agtgagcccg caaacatctg cgagcacagc aagaccacaa . 660 

aggaagggca tggaggccag cacatcaaca acatacaaec aaactagtta a 711 

<210> 75 * 
<211> 6017 
<212>' DNA 

<213> human metapn eumovi rus 

<220> 

<221> gene 

<222> CD-.. (6017) 

<223> human metapneumovi rus , strain 00-1 
accession number af371337 

<400> 75 

atggatcctc tcaatgaatc cactgttaat gtctatcttc ctgactcata tcttaaagga 60 

gtgatttcct ttagtgagac. taatgeaatt ggttcatgtc tcttaaaaag accctaccta 120 

aaaaatgaca acactgeaaa agttgccata gagaatcctg ttatcgagca tgttagactc 180 

aaaaatgcag tcaattctaa gatgaaaata tcagattaca agatagtaga gecagtaaac 240 

atgcaacatg aaattatgaa gaatgtacac agttgtgagc tcacattatt aaaacagttt 300 

ttaacaagga gtaaaaatat tagcactctc aaattaaata tgatatgtga ttggctgcag 360 

ttaaagtcta catcagatga tacctcaatc ctaagrttta tagatgtaga atttatacct 420 

agctgggtaa gcaattggtt tagtaattgg tacaatctca acaagttgat tctggaattc 480 

aggaaagaag aagtaataag aactggttca atcttgtgta ggtcattggg taaattagtt 540 

tttgttgtat catcatatgg atgtatagtc aagagcaaca aaagcaaaag agtgagcttc 600 

ttcacataca atcaactgtt aacatggaaa gatgtgatgt taagtagatt caatgeaaat 660 

txttgtatat gggtaagcaa cagtctgaat gaaaatcaag aagggctagg gttgagaagt 720 

aatctgcaag gcatattaac taataagcta tatgaaactg tagattatat gcttagttta 780 

tgttgcaatg aaggttrctc acttgtgaaa gagttcgaag gctttattat gagtgaaatt 840 

cttaggatta ctgaacatgc tcaattcagt actagattta gaaatacttt attaaatgga 900 

ttaactgatc aattaacaaa attaaaaaat aaaaacagac tcagagttca tggtaccgtg 960 

ttagaaaata atgattatcc aatgtacgaa gttgtactta agttattagg agatactttg 1020 

agatgtatta aattattaat caataaaaac ttagagaatg ctgetgaatt atactatata 1080 

tttagaatat tcggtcaccc aatggtagat gaaagagatg caatggatgc tgtcaaatta 1140 

aacaatgaaa tcacaaaaat ccttaggtgg gagagcttga cagaactaag aggggcattc 1200 

atattaagga ttatcaaagg atttgtagac aacaacaaaa gatggcccaa aattaaaaac 1260 

ttaaaagtgc ttagtaagag atggactatg tacttcaaag caaaaagtta ccccagtcaa 1320 

cttgaattaa gcgaacaaga ttttttagag ettgetgeaa tacagtttga acaagagttt 1380 

tctgtccctg aaaaaaccaa ccttgagatg gtattaaatg ataaagctat atcacctcct 1440 

aaaagattaa tatggtctgt gtatccaaaa aattacttac ctgagaaaat aaaaaatcga 1500 

tatctagaag agactttcaa tgcaagtgat agtctcaaaa caagaagagt actagagtac 1S60 
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tatttgaaag 
tatttaaatg 
ggxagaatgx 
xxgxxagctg 
gatcttcaga 
gaxagxtata 
caagccttta 
acacaaagcc 
Xaxagacaxg 
agtggtttat 
arggaagcta 
ttattaaacg 
xxagatgaag 
gcatacagaa 
cagtxxaxaa 
atcttaagag 
xeaataggga 
atattaagga 
gcagggaagc 
gaaataaaaa 
ggaggagaxc 
gaagcaatca 
aaaataagtt 
acactaatga 
axcaatagaa 
agtgctatac 
cctgtttatc 
aaagttgtga 
gctattaatg 
. xxaxctagaa 
aggctgatat 
atagttggag 
tctcatttga 
agaggtccaa 
tataacagac 
agaxgggxax 
agxixaggea 
xxccxacaca 
tatagaacaa 
xxxgggaatg 
atgagtgtag 
ttagaagaaa 
gtagataaga 
cxggggaaaa 
agagagaaxx 
caxxggxgxg 
ggtgacgggt 
aaaactaaac 
gtagatgaat 
aaggttatgt 
• xcaxxagtag 
tgcatgaggt 
aaatctattt 
cagatatggc 
tattaactcc 
aattagcrta 
attatgctaa 
axagaxaxaa 
gaaaacttat 
axxggaxggc 
aagatgacct 
ggataataga 
attgggaXXX 
aatttaagga 
catgcagaat 
aagactgcaa 
gtagtaaact 
taccctgcca 
atgctgcaaa 
ggctaagaat 
aaagcaacca 
taacaaacaa 



axaaxaaatt 
ataaggatca 
txgcxaxgea 
ataatattgt 
gaataatgga 
araaxxacat 
ggtatgaaac 
xattcxgtxg 
caccaccaga 
atagatatca 
tatcrctatt 
gtgacaacca 
tgaaagcaga 
axaxaggcca 
gxaaggtgat 
xgggaccaxc 
gxcxaxgtca 
atttttggct 
agtxattcae 
aggaaaatga 
cagtagtctt 
gtcatgtggs 
tcttcaaagc 
gagatcctCc 
cagcagxxac 
acxacagtac 
cxcaxggact 
atatgatatd 
gxgaagaxatj 
xaxxgtcagtj 
grtgtcagatt 
taacatcccc 
aagggataax 
agagcccttg 
aaaxxcxxxif 
ataaagggac 
ttagttacaa 
ggxxaxctgi[ 
caaattacca 
aagatattaa 
tagaacaatt 
tagacatxat 
taacttctga 
tgctcatgcd 
atttccatgg 
ggatattaac 
xcataxcgga 
xxxxatgxa^ 
caatagataa 
xxgaaxcaai 
gttatatagg 
accxxggax^ 
gcaactgata 
acatgctcti 
gatxccaxce 
rttccctaa^ 
aggaaagcta 
ctxxgtctxt 
gaaagatcti 
cagaacagci 
tgatcatcax 
tagcggtgaa 
gatacacaga 
cagagatgaf 
txgeactacfc 
xgxaaaatti 
gtcaggctca 
Xggagaaata 
aaaacttgat 
accgataaat 
xxcxxcxgti 
ggcaaacaca 



cgaccaaaaa 
tattgtctcg 
-accaggaaaa 
accttttttc 
aatcaaatcg 
tgcaagagca 
xacagcgaxc 
gxtacaxctt 
aacaaaaggt 
tatgggtggt 
agatgttgta 
atcaatagat 
rtatagcttg 
xaaactxaaa 
tcaatctgaa 
gataaacaca 
ggaattagaa 
gtataattta 
acaactaaat 
agtagtagax 
cratagatct 
tattctgtta 
cxxactgxca 
agctgttggc 
cagcatctta 
aaatgaagaa 
gagagttttg 
aggaacgaaa 
tgacagagct 
agttgttgat 
atctagaacc 
tagcatcact 
cattgaaaag 
ggta-gggtcg 
aaaacaacaa 
accaggttta 
atgtgtaaaa 
cagtagtaga 
ttttgacact 
rttggtcttc 
aactggxagg 
gccaccacca 
tcaacataxc 
cacxaxaaaa 
gaataatctt 
agagcaatgx 
tcatgctttt 
ttgggggtcc 
acxgxxaagg 
ggttaagaaa 
gtttaagaat 
gtcaatgccg 
gagcaaagtt 
acaagattaa 
ccaatggtta 
ataacatttg 
acaaggaaxx 
agttctactg 
aaccctaaag 
tgtgaatatc 
tatcctttgg 
gggctttcaa 
gtaagcaaag 
XXXXXXaaga 
tatgggacag 
cctttttttg 
gaatgctaca 
caaaattcta 
aaxaaaxcxa 
aagaaagaat 
gcaacagtxg 
ataattgatx 



gaacttaaaa 

cxaacxggaa 

cagcgacaaa 

ccagaaacct 

gaactxtcrt 

tccatagtaa 

xgtgcggaxg 

atcgtcccxa 

gaaxatgaxa 

attgaaggax 

xcxgtaaaaa 

gxaagtaaae 

gctgtaaaaa 

gaaggggaaa 

ggagxaatgc 

atattagatg 

tttagggggg 

xacatgcaxg 

aaaacaxxaa 

ctatggatga 

ttctaxagaa 

agaatatcag 

atagaaaaaa 

xcagagcgac 

agxctxtctc 

gaggtcggaa 

tatgaaxcat 

tccaxaacca 

gtatccatga 

agtatagaaa 

ctaagggaga 

acaxgcaxgg 

ttcagcactg 

agcacxcaag 

agagaacagc 

agacgaxxac 

cctttatxac 

ccxaxggaat 

agtcctatta 

caaaatgcaa 

agtccaaaac 

gtgtttcaag 

xtcagXccaq 

ggtcagaaaa 

atxgagtcxx 

aragaaaata 

atggactxca 

caagggaaaa 

attgataata 

aggataaxgx 

xggxttatag 

aaggtgatcx 

XaxtXXXaag 

xcagaaagaa 

atttaactca 

aaaggctaaa 

acaxgatact 

gatgtaaagx 

xtcxgxactt 

ctgacatcaa 

aataccagag 

tggaaacaac 

axgcxtxatt 

xggxaattcX 

acctctattt 

tgagatcagx 

tacxctxaac 

agatgaaaat 

txgaagccaa 

xaaatagaca 

gaggtagcaa 

ggxtagaaca 
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gxtaXgtxgt 
aagaaagaga 
xacaaataxt 
xaacaaagxa 
ctatxaaaac 
cagattxaag 
xagcagatga 
xgacaacaat 
xagataagat 
ggxgtcaaaa 
cacgatgtca 
cagxxaagtt 
xgxtaaaaga 
catatatatc 
axccxacccc 
acattaaaac 
aaagcataax 
aaxcaaagea 
caxcagtgca 
acataccaat 
ggacccctga 
ccaacaxaag 
axgaacgxgc 
aagcaaaagx 
caaatcaacx 
xcattgctga 
taccttttca 
acttattaca 
tgcxggagaa 
ttccaaccaa 
caxcaxggaa 
atgtcaxata 
acagaacxac 
agaaaaaaXX 
tagaagcaax 
Xcaaxaagat 
ctaggtxtat 
tcccagcaxc 
atcaagcacx 
tcagcxgxgg 
agttagxxtt 
ggaaatxcaa 
acaaaaxaga 
cagaxcagtx 
XgXcagcagc 
axattxxcaa 
aaayaxxcct 
acaxtaaaga 
ctxtttggag 
xaxaxgaxgx 
aacagttgga 
ggxxgagaxc 
aaxaacXgtt 
gxxgaxgtgt 
agxtatxgat 
aaaxxaxgac 
gttgccatgg 
xagxctaaaa 
taXXggagaa 
atxxgtatac 
agxxaxagga 
agatgcaact 
aaxaacxtta 
atggaggaaa 
attcgcaaag 
agccaccxtt 
acxaggccac 
agcagtgtgt 
ctgtaaaxca 
gagaaggxta 
ggxcaxagag 
xaxxttaaax 



xaaacaagaa 

axtaagxgta 

ggcxgaaaaa 

xggxgaxcxa 

xagaagaaax 

Xaagxxcaac 

acxacatgga 

gaxatgxgcc 

agaagagcaa 

acxcxggaca 

aaxgacatcx 

axctgagggt 

aaxaagagat 

aagagaxctx 

xaxaaaaaag 

cagtgcagag 

agtxagxctg 

acacccccXa 

gagattXXXX 

gcagxtxgga 

xxxtxxaacx 

aaaxgaagcg 

xacacxgaca 

aacaagxgax 

xxtcagcgax 

caacataaca 

XaaagcXgaa 

gagaacatcx 

cctaggaxxa 

axcxaaxggt 

Xaaxatggaa 

xgcaacxagc 

aagaggtcaa 

agxxccxgxx 

tggaaaaaxg 

xxgxctxgga 

gagxgtaaax 

agtxccagcx 

aagtgagaga 

aaxxagcaxa 

aaxaccxcaa 

xtaxaagcta 

xatgxxaaca 

ccxgaacaag 

gxtagcaxgt 

gaaagacxgg 

atgXgtcxxt 

tgaagataxa 

aaxgxxcagc 

aaaaxxxcxa 

xcagcxgagt 

aagXcaaxxa 

ttgaacxaxa 

gataaxgcac 

ccxacagaac 

acXagXXcaa 

caacaxgtxa 

acaxgcaxxg 

ggggcaggaa 

agaagxxxaa 

gaatXaagca 

caaaaaacxc 

tgtgaxgcag 

catgtattat 

tatcatgcxa 

axxaxgcaag 

cacaacaaXX 

aaxgaxttxt 

cttxtatcag 

xxaacacxac 

tcxaaatggt 

xcxccaaaag 



1620 
1680 
1740 
1800 
1860 
1920 
1980 
2040 
2100 
2160 
2220 
2280 
2340 
2400 
2460 
2520 
2580 
2640 
2700 
2760 
2820 
2880 
2940 
3000 
3060 
3120 
.3180 
3240 
3300 
3360 
3420 
3480 
3540 
3600 
3660 
3720 
3780 
3840 
3900 
3960 
4020 
4080 
4140 
4200 
4260 
4320 
4380 
4440 
4500 
4560 
4620 
4680 
4740 
4800 
4860 
4920 
4980 
5040 
5100 
5160 
5220 
5280 
5340 
5400 
5460 
5520 
5580 
5640 
5700 
5760 
5820 
5880 
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gtgaattaaa ttatgatttt tttgaagcat tagaaaatac rtaccctaat atgattaaac 
taatagataa tctagggaat gcagagataa aaaaactgat caaagtaact ggatatatgc 
ttgtaagtaa aaaatga 
<211> 450 
<212> DNA 

<213> human metapneumovi rus 



5940 
6000 

6017<210> 76 



<220> 

<221> gene 

<222> CW.-.C450) 

<223> human metapneumovi rus r strain Quebec Isolate NO 
hMPV-118 



<4Q0> 76 

taaaatgaaa 

gaagaatgta 

cattagcact 

tggtacctca 

gtttagtaat 

aagaaccggt 

tggatgtatc 

gttaacatgg 



atatcagatt 
cacagctgtg 
ctcaaattaa 
atcctaagrt 
tggtacaatc 
tcaatcttgt 
gtcaagagca 
aaagatgtga 



acaaggtagt 
agcacacact 
axatgatatg 
ttatagatgt 
tcaaxaagtx 
gcaggtcatt 
acaaaagcaa 
tgttaagtcg 



agaaccagta 
attgaaacag 
tgattggctg 
agaatttata 
aattttagaa 
aggtaaarta 
aagagtgagc 



aacatgcaac 
rctttaacaa 
caattaaaat 
cctagxxggg 
ttcaggagag 
gttttrattg 
ttctxxacat 



atgaaataat 
ggagtaaaaa 
ctacatcaga 
taagcaactg 
aagaagtaat 
tatcatcata 
acaatcaact 



<210> 77 
<211> 450 
<212> DNA 

<213> human metapneumovi rus 
<220> 

<221> gene 

<222> CD...C450) 

<223> human metapneumovi rus, strain Quebec isolate no 
hMPV-163 



<:400> 77 

ttgaaatatc 

atgtacacag 

gcacnctcaa 

cctcaatctt 

gtaattggta 

ctggttcaat 

gxaxagtcaa 

catggaaaga 



agattacagg 
ttgtgagctc 
attaaatatg 
aagttxxaxa 
caatctcaac 
cttgtgtagg 
gagcaacaaa 
tgtgaxgxxa 



axagtagagc 
acattattaa 
atatgtgatt 
gatgtagaat 
aagttgattc 
tcattaggta 
agcaaaagag 
agxagattca 



cagtaaacat 
aacagxtttt 
ggctgcagtt 
ttatacctag 
tggaattcag 
aattagtttt 
tgagcttctt 



gcaacatgaa 
aacaaggagt 
aaaaxccaca 
ctgggtaagc 
gaaagaagaa 
tgxtgxatca 
cacatacaat 



attatgaaga 
aaaaaxatxa 
tcagatgata 
aattggttta 
gxaaxaagaa 
tcatatggat 
caactgxxaa 



<210> 78 
<211> 500 
<212> DNA 

<213> human metapneumovi rus 
<220> 

<221> gene 
<222> (D...C500) 

<223> human metapneumovi rus, strain Quebec isolate No 
hMPV-174- 



<400> 78 

gagaatcctg 

xcagattaca 

agttgtgagc 

aaattaaata 

ttaagtttta 

tacaatctca 

atcttgtgta 

aagagcaaca 

gatgtgatgt 



ttatcgagca 
ggatagtaga 
tcacattatt 
tgataxgxga 
tagatgtaga 
acaagttgat 
ggtcattggg 
aaagcaaaag 
taagtagatt 



tgttagactc 
gccagtaaac 
aaaacagttt 
XXggcrgcag 
atttatacct 
tctggaattc 
taaaxxagtx 
agtgagcttc 



aaaaatgcaa 
atgcaacatg 
ttaacaagga 
ttaaagtcta 
agctgggtaa 
aggaaagaag 
tttgttgtat 
ttcacataca 



tcaatctaaa 
aaattatgaa 
gtaaaaatat 
catcagatga 
gcaattggtt 
aagtaaxaag 
cateatatgg 
atcaactgtt 



gatgaaaata 
gaaxgtacac 
tagcactctc 
tacctcaatc 
tagtaattgg 
aactggttca 
atgtatagtc 
aacatggaaa 



60 
120 
180 
240 
300 
360 
420 
450 



60 
120 
180 
240 
300 
360 
420 
450 



60 
120 
180 
240 
300 
360 
420 
480 
500 



<210> 79 
<2ll> 450 
<212> DNA 

<213> human metapneumovi rus 
<220> 
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<221> gene 
<222> (1) . . • (450) 

<223> human metapneumovi rus , strain Quebec isolate no 
hMPV-184 

<400> 79 

attgaaatat cagattacag gatagtagag ccagtaaaca tgcaacatga aattatgaag 60 

aatgtacaca gttgtgagct cacattatta aaacagtttt taacaaggag taaaaatatt 120 

agcactctca aattaaatat gatatgtgat tggctgcagt taaagtctac atcagatgat 180 

acctcaatct taagttttat agatgtagaa tttataccxa gctgggtaag caattgattt 240 

agtaattggt acaatctcaa caagttgatt ctggaattca ggaaagaaga agtaataaga 300 

actggttcaa tcttgtgtag gtcattaggt aaattagttt ttgttgtatc atcatatgga 360 

tgtatagtca agagcaacaa aagcaaaaga gtgagcttct xcacatacaa tcaactgtta 420 

acatggaaag atgtgatgtt aagtagattc 450 

<210> 80 
<211> 500 
<212> DNA 

<213> human metapneumovirus 

<220> 
<22l> gene 
<222> CD -..(500) 

<223> human metapneumovirus', strain Quebec isolate No 
hMPV-196 

<400> 80 

ttgcccatag agaatcctgt tattgagcat gtgagactca aaaatgcagt caartctaaa 60 

atgaaaatat cagattacaa ggtagtagag ccagtaaaca tgcaacatga aataatgaag 120 

aatgtacaca gttgtgagct cacactattg aaacagtttt taacaaggag taaaaacatt 180 

agcactctca aattaaatat gatat'gtgat tggctgcaat taaagtctac atcagatgat 240 

acctcaatcc taagtttcat agatgtagaa tttataccta gttgggtaag caactggttt 300 

agtaattggt acaatctcaa taagttaatt ttggaattca gaagagaaga agtaataaga 360 

accggttcaa tcttatgcag gtcat,tgggt aaattagttt ttattgtatc atcatatgga 420 

tgtatcgtca agagcaacaa aagcaaaaga gtgagcttct tcacatacaa tcaactgtta 480 

acatggaaag atgtgatgtt . , - » ^ 

<210> 81 
<211> 450 
<212> DNA 

<213> /human metapneumovirus 1 

<220> 
<221> -gene 
<222> IV . . . (450) 

<223> human metapneumovirus, strain Quebec isolate No 
C-76837 

<400> 81 

agatgaaaat atcagattac aggatagtag agccagtaaa catgcaacat gaaattatga 60 

agaatgtaca cagttgtgag ctcacattat taaaacagtt tttaacaagg agtaaaaata 120 

ttagcactct caaattaaat atgatatgtg attggctgca gttaaagtct acatcagatg 180 

atacctcaat cttaagtttt atagatgtag aatttatacc tagctgggta agcaattggt " 240 

ttagtaattg gtacaatctc aacaagttga ttctggaatt caggaaagaa gaagtaataa 300 

gaactggttc aatctxgtgc aggtctttgg gtaaattagt ttttgttgta tcatcatatq 360 

gatgtatagt caagagcaac aaaagcaaaa gagtgagctt cttcacatac aatcaactqt 420 

taacatggaa agatgtgatg ttaagtagat 450 

<210> 82 
<211> 450 
<212> DNA 

<213> human metapneumovirus 

<:220> 
<221> gene 
<222> tlD... (4503 

<223> human metapneumovirus, strain Quebec Isolate No . 

C—/ 7$07 
<400> 82 

taagatgaaa atatcagatt acaggatagt agagccagta aacatgcaac atgaaattat 60 
gaagaatgta cacagttgtg agctcacatt attaaaacag tttttaacaa ggagtaaaaa 120 



2OO405702lA2J_> 



WO 2004/057021 



PCT/CA2003/001994 



tattagcact ctcaaattaa atatgatatg tgattggctg cagttaaagt ctacatcaga 180 

tqatacctca atcttaagtt ttatagatgt agaatttata cctagctggg taagcaattg 240 

qtttagtaat tggtacaatc tcaacaagtt gattctggaa ttcaggaaag aagaagtaat 300 

aagaactggt tcaatcttgt gtaggtcatt gggtaaatta grctttgttg tatcatcata 360 

cggatgtata gtcaagagca acaaaagcaa aagagtgagc ttcttcacat acaatcaact 420 

gttaacatgg aaagatgtga tgttaagtag 450 

<210> S3 
<2X1> 450 
<212> DNA 

<213> human metapneumovi rus 
<220> 

<221> gene 

<222> CD-.-C450> . 
<22B> human metapneumovi rus , strain Quebec isolate No 
hMPV-185 

<400> 83 

taaaattgaa atatcagatt acaaggtagt agagccagta aacatgcaac atgaaataat 60 

gaagaatgta cacagttgtg agctcacact attgaaacag tttttaacaa ggagtaaaaa 120 

cattagcact ctcaaattaa atatgatatg tgattggctg caattaaagt ctacatcaga ISO 

tgatacctca atcctaagtt tcatagatgt agaatttata cctagttggg taagcaactg 240 

gtttagtaat tggtacaatc tcaataagtt aattttggaa ttcagaagag aagaagtaat 300 

aagaaccggt tcaatcttat gcaggtcatt gggtaaatta gtttttattg tatcatcata 360 

tggatgtatc gtcaagagca acaaaagcaa aagagtgagc ttcttcacat acaatcaact 4-20 

gttaacatgg aaagatgtga tgttaagtag 450 

<210> 84 
<211> 500 
<212>'DNA 

<213> human metapneumovi" rus 
<220> 

<22l> gene 
<222> CD.-.CS003 

<223> human metapneumovi rus f strain Quebec isolate No 
C-7B123 

<400> 84 

atcctgttat cgagcatgtt agactcaaaa atgcaatcaa ttctaagatg aaaatatcag 60 

attacaggat agtagagcca gtaaacatgc aacatgaaat tatgaagaat gtacacagtt 120 

gxgagctcac attattaaaa cagtttttaa ' caaggagtaa aaatattagc actctcaaat 180 

taaatatgat atgtgattgg ctacagttaa agtctacatc agatgatacc tcaatcttaa 240 

gttttataga tgtagaattt atacctagct gggtaagcaa ttggtttagt aattggtaca 300 

atctcaacaa gttgattctg gaattcagga aagaagaagt aataagaact ggttcaatct 360 

tgtgcaggtc tttgggtaaa ttagtttttg ttgtatcatc atatggatgt atagtcaaga 420 

gcaacaaaag caaaagagtg agcttcttca catacaatca actgttaaca tggaaagatg 480 

tgatgttaag tagattcaat 500 

<210> 85 
<211> 450 
<212> DNA ' 

<213> human metapneumovi rus 

<220> 
<221> gene 
<222> (1) . . . (450) 

<223> human metapneumovi rus, strain Quebec isolate no 
C-91205 

<400> 85 

caattctaaa atgaaaatat cagattacaa ggtagtagag ccagtaaaca tgcaacatga 60 

aataatgaag aatgtacaca gttgtgagct cacactattg aaacagtttt taacaaggag 120 

taaaaacatt agcactctca aattaaatat gatatgtgat tggctgcaat taaagtctac 180 

atcagatgat acctcaatcc taagtttcat agatgtagaa tttataccta gttgggtaag 240 

caactggttt agtaattggt acaatctcaa taagttaatt ttggaattca gaagagaaga 300 

agtaataaga accggttcaa tcttatgcag gtcattgggt aaattagttt ttattgtatc 360 

atcatatgga tgtattgtca agagcaacaa aagcaaaaga gt^agcttct tcacatacaa 420 

tcaactgtta acatggaaag atgtgatgtt ~ 450 

<210> 86 
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<211> 400 
<212> DNA 

<213> human mexapneumovi rus 

<220> 

<221> gene 

«;222> ?1).>.(400) 

<223> human metapneumovirus, strain Quebec isolate no 
C-91364 

<400> 86 

ttgcatagag aatcctgtta ttgagcatgt cagactcaaa aatggcagta attcxaaaat 60 

gaaaatatca gaxxataagg tagtagaacc agtaaacaxg caacatgaaa xaatgaagaa 120 

xgtacatagc tgtgagcaca cactattgaa acagttttta acaaggagta aaaacaxxag 180 

cactctcaaa ttaaatatga tatgtgattg gctgcaaxxa aaatctacat cagaxggtac 240 

ctcaatccta agttttatag axgtagaatt tatacctagt tgggtaagca actggtttag 300 

HSI?i c " aatctcaata agttaatttt agaattcagg agagaagaag taataagaac 360 

cggttcaatc ttgtgcaggt caxxaggtaa atxagxtxtt . 400 

<210> S7 

<211> 500 

<212> DNA 

<213;> human metapneumovirus 

<220> 
<221> gene 
<222> CO... (500) 

<223> human metapneuntovi rus , strain Quebec isolate no 
C — 91749 

<400> B7 

aH? 3 !™ SHSSESS 9catgtgaga ctcaaaaatg cagtcaattc taaaatgaaa 60 

a-catcagatt acaaggtagt agagccagta aacatgcaac atgaaataat gaagaatgta 120 

SSSHSHI a 9 c ! caca S t fttgaaacag tttttaacta ggagtaaaaa cattagcact 180 

SrSSSSS atatgatatg tgattggctg caartaaagt ctacatcaga tgatacctca 240 

!5£S5 tcatagatgt agaatttata cctagttggg taagcaactg gtttagtaat 300 

JSSS5S53 C tcaataa 9tt aattttggaa ttcagaagag aagtagtaat aagaaccggt 360 

tcaatctrct gcaggtcatt gggtaaatta gtrtttattg tatcatcata tggatgtatc 420 

Haga^g! aagagt 9 a 9 c "cttcaca? acaatcaact g^alLtgg jg 

<210> 88 
<2U> 450 
<212> DNA 

<213> human metapneumovi rus 
<220> 

<221> gene 
<222> ?1)...(450D 

hMPV-Q86 tapneUmOV " ^^US, stra1n Q uebec isolate No 
<400> 88 

aattctaaaa tggaaatatc agattacaag gtagxagaac caataaacax aeaaearoaa &n 

™X3X£ ESS^** "WflaBctc icagtattga aacagm« lactaggag? 120 

aaaaacatta gcactctcaa attaaatatg atatgtgatt ggctgcaatt aaaatctaca isn 

xcagaxgata ccxcaaxccx aagttttata gatgtagaat ttatacetaa noaar^r olS 

sssss esse sssss b s sr. 111 i 1 i 

SfSSSSi sssss SSSSS JSass 2SSS " I 



<210> 89 
<211> 450 
<212> DNA 

<213> human metapneumovirus i 

<220> 
<223> gene 
<222> h)..,(450) 

hMPV-Q97 tapn6gmOV " ^^US, strain Q uebe <= Isolate No 
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<400> 89 i „ 

aaaatgaaaa tatcagatta caaggtagta gagccagtaa acatgcaaca tgaaataatg vu 

aagaatgtac acagttgtga gcxcacacta ttgaaacagt ttttaactag gagtaaaaac 120 

attagcactc tcaaarcaaa tatgatatgt gattggctgc aattaaagtc tacatcagat 180 

gataccrcaa tcctaagttt catagatgta gaatttarac ctagttgggt aagcaactgg 240 

trcagtaatt ggtacaatct caataagtta attttggaat tcagaagaga agaagtaata 300 

agaaccggtt caatcttatg caggtcattg ggtaaattag tttttattgt atcaxcatat 360 

ggatgtarcg tcaagagcaa caaaagcaaa agagtgagct tcttcacata caatcaactg 420 

rcaaca-tgga aagatgtgat gttaagtaga 450 

<210> 90 
<211> 537 
<212> DNA 

<213> human metapneumovi rus 
<220> 

<221> gene 
<222> CD... (537) 

<223> human metapneumovi rus , strain Can 97-83 
<400> 90 

agaatcctgt tattgagcat gtgagactca aaaatggcgg tcattctaaa atgaaaatat 60 
cagattacaa ggtagtagag ccagtaaaca tgcaacatga aataatgaag aatgtacaca 120 
gttgtgagct cacactattg aaacagtttt taacaaggag taaaaacatt agcactctca 180 
aattgaatat gatatgxgat tggctgcaat taaagtctac atcagatgat acctcaatcc 240 
taagtttcat agatgtagaa tttataccta gttgggtaag caactggttt agtaattggt 300 
acaatctcaa taagtraatt ttggaattca gaagagagga agtaataaga accggttcaa 360 
tcttatgcag gtcattgggt aaattagttt ttattgtatc atcatatgga tgtatcgxca 420 
agagcaacaa aagcaaaaga gtgagcttct tcacatacaa tcaactgxta acatggaaag 480 
atgtgatgtt aagtagattt aatgcgaatt tttgtatatg ggtaagcaac agttctg 537 

<210> 91 

<211> 20 

<212> DNA 

<213> human metapneumovi rus 

<220> 

<223> primer no 55 
<400> 91 

atgggacaag tgaaaatgtc 20 

<210> 92 
<211> 19 
<212> DNA 

<213> human metapneumovi rus 
<220> 

<223> primer ng 56 
<400> 92 

gagtctcagt acacaataa 19 

<210> 93 
<211> IS 
<212> DNA 

<213> human metapneumovi rus 
<220> 

<223> primer no 57 
<400> 93 

■ gtcactgcag ttgttgta IS 

<210> 94 
<211> 19 
<212> DNA 

<213> .human metapneumovi rus 
<220> 

<223> primer no 58 
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-400> 94 

gcatttccga gaacaacac 19 

<210> 95 
<211> 19 
<212> DNA 

<213> human metapneumovi rus 
<220> 

<223> primer no 18 multiplex assay 
<4Q0> 95 

gagtctcagx acacaataa " 19 

<210> 96 
<211> 19 
<212> DNA 

<213> human metapneumovi rus 
<220> 

<223> primer no 19 multiplex assay 
<400> 96 

gcatttccga gaacaacac 19 

<:210> 97 
<211> IS 
<212> DNA 

<213> human metapneumovi rus 
<220> 

<223> primer no 59 
<400> 97 

atgtcttgga aagtggtg 1S 

<210> 98 
<2U> 17 
<212> DNA 

<213> human metapneumovi rus 
<220> 

<223> primer no 60 
<400> 98 

tcttcttacc attgcac ^7 

<210> 99 
<211> 20 
<212> DNA 

<213> human metapneumovi rus 
<220> 

<223> primer no 61 
<400> 99 

ctaattatgt ggtatgaagc 20 

<210> 100 
■<211> 18 
<212> DNA 

<213> human metapneumovi rus 
<220> 

<223> primer no 62 
<400> 100 

atggagtcct acctagta 18 

<210> 101 
<211> 19 
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<212> DNA' 

<213> human metapneumovi rus 
<220> 

<223> primer no 63 
<400> 101 

aaggtgcttg gttgttatc 

<210> 102 
<211> 19 
<212> DNA 

<213> human metapneumovi rus 
<220> 

<223> primer no 64 
<400> 102 

atgtcattcc ctgaaggaa 

<210> 103. 
<211> 19 
<212> DNA 

<213> human metapneumovi rus 
<220> 

<223> primer no 65 
<400> 103 

ttaactggta aatctcatc 

<210> 104 
<211> 19 
<212> DNA 

<213> human metapneumovi rus 
<220> 

<223> primer no 66 
<400> 104 

catgggacaa gtagttatg 

<210> 105 
<211> 19 
<212> DNA 

<21B> human metapneumovi rus 
<220> 

<223> primer fid 67 
<400> 105 

atggaggtga aagtggaga 

<210> 106 * 
<211> 19 
<212> DNA 

<213> human metapneumovi rus 
<220> 

<223> primer no 68 
<400> 106 

ttaactagtt tggttgtat 

<210> 107 
<211> 19 
<212> DNA 

<213> human metapneumovi rus 
<220> , 

<223> primer no 69 
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:ttagagtta txttgtatt 19 

<210;> 108 
<211> 24 
<212> DNA 

<213> human metapneumovi rus 
<220> 

<223> primer no 70 
<400> 108 

ggacaagtag ttatggaggt gaaa 24 

<210> 109 
<211> 28 
<212> DNA 

<213> human metapneumovi rus 
<220> 

<223> pri/ner no 71 
<400> 109 

ctcctttaag atatgactca ggmagrta 2S 

<210> 11C 
<211> 22 
<212> DNA 

<;213> human metapneumovi rus 
<220> 

<223> primer no 20 multiplex assay 
<400> 110 

gttgecatag agaatcctgt ta 22 

<210> 111 
<211> 22 
<212> DMA 

<213> human metapneumovi rus 
<220> 

<223> primer no 21 multiplex assay 
<400> ill 

cattcagact gttgettace ca 22 

<210> U2 
<2ll> 22 
<212> DNA 

<213> human metapneumovi rus 
<220> 

<223> primer no 72 
<400> 112 

gttgecatag agaatcctgt ta 22 

<210> 113 
<211> 22 
<212> DNA 

<213> human metapneumovi rus 
<220> 

<223> primer no 73 
<400> 113 

cattcagact gttgettace ca - ^ 

<210> 114 
<211> 27 
<212> DNA 
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<2i3> human Metapneumovi rus 
<220> 

<223> human Metapneumovi rus 
primer Al 

<400> 114 

ccaattacta aaccaattgc ttaccca 

<210> 115 
<211> 21 
<212> DNA 

<213> human metapneumovi rus 
<220> 

<223> probe no 74 
<400> 115 

gcaagcttat ggggccggtc a 

<210> 116 
<211> 25 
<212> DNA 

<213> human metapneumovi rus 
<220> 

<223> probe no 75 
<400> 116 

acaatgctaa ggtggggggt cattg 

<210> 117 
<211> 23 
<212> DNA 

<213> human metapneumovi rus 
<220> 

<223> probe no 76 
<400> 117 

gttctgagga caggttggta cac 

<210> 118 
<211> 23 
<212> DNA 

<213> human metapneumovi rus 
<220> 

<223> probe no 77 
<400> 118 

aatgttttta cactggaggt agg 

<210> 119 
<211> 22 
<212> DNA 

<213> human metapneumovi rus 
<220> 

<223> probe no 78 
<4D0> 119 

gttacaatac cagcattcat ca 

<210> 120 
<211> 25 
<212> DNA 

<213> human metapneumovi rus 
<220> 

<223> probe no 79 
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<400> 120 

atcagtttca atcaaagaga gtgag 

<210> 121 
<211> 25 
<212> 'DNA 

<213> human metapneumovi rus 
<220> 

<223> probe no 80 
<400> 121 

taaagcaagc aatcaaagtc atgga 

<210> 122 
<211> 25 
<212> DNA 

<213> human metapneumovi rus 
<220> 

<223> probe no SI 
<400> 122 

cccattgaag aagaagagtc taccg 

<210> 123 
<211> 20 
<212> DNA 

<213> human metapneumovi rus 
<220> 

<223> probe no 82 
<4QQ> 123 

actcaagccc acagcatcca 

<210> 124 
<211> 23 
<212> DNA 

<213> human metapneumovi rus 
<220> 

<223> probe no 83 
<400> 124 

ctcaacagtc cacagaaggc tec 

<210> 125 
<211> 26 
<212> DNA 

<213> human metapneumovi rus 
<220> 

<223> probe no 84 
<400> 125 

attggtttag taattggtac aatctc 

<210> 126 
<211> 26 
<212> DNA 

<213> human metapneumovi rus 
<220> 

<223> probe no 85 
<400> 126 

acaagttgat tctggaattc aggaaa 

<210> 127 
<2U> 25 
<212> DNA 
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<213> human Metapneumovi rus 
<220> 

<223> human Metapneumovi rus 
probe a2 

<400> 127 

cgagcatgtt agactcaaaa atgca 25 

<210> 128 
<211> 23 
<212> DNA 

<213> human metapneumovi rus 
<220> 

<223> probe no 33 multiplex assay 
<400> 128 

atgtatccgt ccaagctgag tta 23 

<210> 129 
<211> 26 
<212> DNA 

<213> human metapneumovi rus 
<220> 

<223> probe no 34 multiplex assay 
<4O0> 120 

attggtttag taattggtac aatctc 26 

<210> 130 
<211> 1027 
<212> DMA 

<213> human influenza A virus 
<220> 

<221> qene 

<222> U)...(1027) 

<223> human influenza A virus 

strain A/Hong Kong/1180/99(H3N2) 

accession number af 386771 

<400> 130 

agcaaaagca ggtagatatt gaaagatgag ccttctaccc gaggtcgaaa cgtatgttct 60 

ctctatcgtt ccatcaggcc ccctcaaagc cgaaatcgcg cagagacttg aagatgtctt 120 

tgctgggaaa aacacagatc ttgaggctct catggaatgg ctaaagacaa gaccaatcct 180 

gtcacctctg acraagggga ttttagggtt tgtgttcacg ctcaccgtgc ccagtgagcg 240 

aggactgcag cgtagacgct ttgtccaaaa tgcccteaat gggaatgggg atccaaataa 300 

catggacaaa gcagtxaaac tgtatagaaa acttaagagg gagataacat tccaxggggc 360 

caaagaaata gcactcagtt attctgctgg tgcacttgcc agttgcatgg gcctcatata 420 

caataggatg ggggctgtaa ccactgaagt ggcatttggc ctggtatgtg caacatgtga 480 

acagattgct gactcccagc acaggtctca taggcaaatg gtggcaacaa ccaatccatt 540 

aataagacat gagaacagaa tggttttggc cagcactaca gctaaggcta tggagcaaat 600 

ggctggatca agtgagcagg cagcggaggc catggagatt gctagtcagg ccaggcaaat 660 

ggtgcaggca atgagagccg ttgggactca tcctagctcc agtactggtc taagagatga 720 

tcttcttgaa aatttgcaga cctatcagaa acggatgggg gtgcagatgc aacgattcaa 780 

gtgacccgct tgttgttgcc gcgagcauca ttgggatctt gcacttgata ttgtggattc $40 

ttgatcgtct ttttttcaaa tgcatctatc gactcttcaa acacggcctt aaaagagggc 900 

cttctacgga aggagtacct gagtetatga gggaagaata tcgaaaggaa cagcagaatg 960 

ctttggatgc tgaccacagt cattttgtca gcataaagtt ggagtaaaaa actaccttgt 1020 

ttctact ~ 1027 

<210> 131 
<211> 987 
<212> DNA 

<213> human influenza A virus 
<220> 

<221> gene 

<222> (1) . . . (987) 

<223> human influenza a virus 
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strain A/Charl ottesvi 11 e/31/95 (HlNl) 
accession number af 398876 



<400> 231 

atgagtcttc 

aaagccgaga 

gctctcatgg 

ggaxrtgtgx 

caaaatgccc 

agaaagctxa 

gctggtgcac 

gaatcagcat 

xcxcaxaggc 

ctggccagca 

gaggccatgg 

actcatccta 

cagaaacgaa 

tatcattggg 

ttatcgxatc 

tatgagggaa 

tgtcagcata 



taaccgaggt 
tcgcacagag 
agtggctaaa 
xcacgctcac 
ttaatgggaa 
agagggagat 
ttgccagttg 
ttggcctgat 
aaaxggtaac 
ctacagctaa 
aggxtgctag 
gctctagcac 
rgggggxgca 
attgtgcacc 
tttaaacacg 
gaatatcgag 
gagrtggagt 



cgaaacgtac 
actxgaagat 
gacaagaccg 
cgtgcccagt 
tggggatcca 
aacattccat 
tatgggcctc 
atgcgcaacc 
aacaaccaat 
agctatggag 
tcaggccagg 
tggtctgaaa 
gatgcaacga 
tgatattgtg 
gtcxgaaaag 
aggaacagca 
aaaaaac 



gttctctcta 
gxctrcgcxg 
atcctgtcac 
gagcgaggac 
aataacatgg 
ggggccaaag 
atatacaaca 
tgtgaacaga 
ccattaataa 
caaatggcxg 
caaatggtgc 
aatgatcttc 
xtcaagtgat 
gattatrtgat 
agggccxxcx 
gaatgdtgtg 
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tcgtcccgxc 
gaaagaacac 
ctctgactaa 
xgcagcgtag 
acagagcagt 
aaatagcact 
ggatgggggc 
ttgttgactc 
gacatgagaa 
gatcgagtga 
aggcaatgag 
ttgaaaattt 
cctcttgttg 
cgcctttttt 
acggaaggag 
gatgctgacg 



aggccccctc 
cgatcttgag 
ggggatttta 
acgcxxxgtc 
taaactgtat 
cagttattct 
xgxgaccacc 
ccagcataag 
cagaatggtt 
acaagcagct 
agccattggg 
gcaggcctat 
ttgccgcaag 
tcaaatgcat 
xaccagagtc 
aaggtcattt 



<210> 132 
<211> 1076 
<212> DNA 

<213> human influenza B virus 

<220> 
<221> gene 
<222> (1) . . . (1076) 
<223> human influenza b virus 
strain B/Nagoya/20/99 



<400> 132 

atgtcgctgt 

aaagcagaac 

tctgccttgg 

ggtgcctcta 

gagcccctat 

agaaaaatga 

agctcagcgc 

caagtaaaac 

gcxcaxagca 

tcagctatga 

ctggcagaag 

aatggggaag 

tcagctcttg 

ctxtxatctt 

aaagaggagt 

aagtaxcaat 

aagtgctctc 

ctgaaaagat 



ttggagacac 
tagcagaaaa 
aatggataaa 
tctgcttttt 
caggaatggg 
gaagatgtgt 
tacxatattg 
taggaacgct 
gagcagcgag 
acacagcaaa 
aactgcaaag 
gaattgcaaa 
tgaagaaata 
atcagctctc 
aaacatgaaa 
tttgagacac 
xgacaacata 
aataaaaaxg 



aattgcctac 
attacactgt 
aaacaaaaga 
aaaacccaaa 
aacaacagca 
gagctttcat 
tctcatggtc 
ctgxgcrttg 
atcttcagtg 
aacaaxgaat 
caacattgga 
ggatgtaatg 
cctaxaaxgc 
catttcatgg 
atacgaataa 
aattaccaaa 
gaagtattga 
ggcaaaacag 



ctgctttcat 

tgctta&ctg 
gaccaa^aaa 
acaaaaaaga 
gaagcatttg 
atgtacctga 
tgcgag'aaac 
cctggajgtga 
ggaatgjggaa 
gtgttgagat 
gaagtgjctaa 
txgaapcatt 
cttggacaat 
aaggtccaaa 
aagaaajtcca 
gtgaccacat 
ttttggaggt 



tgacggaaga 
ggaaagaatt 
atatacaaaa 
gaaaaagaag 
aaggcctgat 
aaatagcaga 
accctggaaa 
aagcatcaca 
ggcgagaaat 
agggagaaga 
ctcxxggagc 
agcagagctc 
tcagattctt 
agggcatttg 
taaagagaca 
ggccaaagaa 
agtgattgag 
agaaaaaxxg 



tggagaaggc 
tgacctagac 
agcactaatt 
attcaxcaca 
tctagctgag 
aggccatgaa 
xxaxxcaaxg 
ttcacacagg 
gcaaaxggtc 
cgtccaaaaa 
aagtcaaaag 
tatgggaaar 
tcaatttgtt 
agtcaaataa 
ataaacagag 
acaatgaagg 
gggctttctg 
caxtaa 



<210> 133 
<211> 1725 
<212> DNA 

<213* human Respiratory syncitial virus 
<220> 

<221> gene 

<222> U)... (1725) 

<223> human Respiratory Syncitial Virus 
Strain Bl 

accession number af013254 



<400> 133 

atggagctgc 

tacctcacct 

agcagaggtt 

ttaagtaata 

caagaattag 

ccagctgcca. 



tgatccacag 
caagtcagaa 
attttagtgc 
xaaaagaaac 
ataagtataa 
acaaccgggc 



gttaagtgca 
cataactgag 
tttaagaaca 
caaatgcaat 
gaatgcagtg 
cagaagagaa 



atcttcctaa 
gagctttacc 
ggttggtata 
ggaacrgaca 
acagaattac 
gcaccacagt 



cxctxgctat 
aatcgacatg 
ccagxgtcat 
ctaaagtaaa 
agctacxtat 
axaxgaacta 



taatgcattg 
tagtgcagxx 
aacaatagaa 
acttataaaa 
gcaaaacaca 
tacaatcaat 



60 
120 
180 
240 
300 
360 
420 
480 
540 
600 
660 
720 
780 
840 
900 
960 
987 



60 
120 
180 
240 
300 
360 
420 
480 
540 
600 
660 
720 
780 
840 
900 
960 
1020 
1076 



60 
120 
180 
240 
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360 
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accacxaaaa acctaaatgt atcaataagc aagaagagga aacgaagatt xctgggcttc 420 

ttgttaggtg taggatcxgc aaxagcaagt ggtatagctg tatccaaagt -tctacacctt 480 

gaaggagaag tgaaeaagat caaaaatgct ttgttatcta caaacaaagc tgtagtcagt 540 

ctatcaaatg ^ggtcagtgt tttaaccagc aaagxgxxag atctcaagaa txacataaat 600 

aaccaattat tacccatagt aaatcaacag agctgtcgca tctccaacat tgaaacagtt 660 

atagaaxxcc agcagaagaa cagcagattg ttggaaatca aeagagaatt cagtgtcaat 720 

gcaggtgtaa caacaccttt aagcacttac atgttaacaa acagtgagtt actaxcatxg 780 

atcaatgata tgcccaxaac aaatgatcag aaaaaattaa tgteaagcaa tgttcagata 840 

gtaaggcaac aaagttattc tatcatgtct ataataaagg aagaagtcct tgcatatgtt 900 

gtacagctac ctatctatgg tgtaatagat acaccxtgcx ggaaattaca cacatcacct 960 

cratgcacca ccaacatcaa aqaaggatca aatatttgtt taacaaggac tgatagagga 1020 

tggtattgtg ataatgcagg atcagtatcc ttctttccac aggctgacac ttgtaaagta 1080 

cagtccaatc gagxattttg tgacactatg aacagtttga cattaccaag tgaagtcagc 1140 

ctttgtaaca ctgacatatt caattccaag tatgactgca aaattatgac atcaaaaaca 1200 

gacataagca gctcagtaat tacttctctt ggagetatag tgtcatgcta tggtaaaact 1260 

aaatgcactg catccaacaa aaatcgtggg attataaaga cattttctaa tggttgtgac 1320 

tatgtgrcaa acaaaggagt agaxactgtg tcagtgggca acactxtaxa ctatgtaaac 1380 

aagctggaag gcaagaacct txatgtaaaa ggggaacdta taataaatxa ctatgaccct 1440 

etagtgtttc cttctgatga gtttgatgca tcaatatctc aagtcaatga aaaaatcaat 1500 

caaagcctag crtttattcg ragatctgat gaattactac ataatgtaaa tactggcaaa 1560 

tccaccacaa atattatgat aactacaatx atxatagtaa tcartgtagt attgttatca 1620 

ttaatagcta ttggtttgct gttgtattgc aaagccaaaa acacaccagt tacactaagc 1680 

aaagaccaac taagtggaat caaxaaxatt gcaxtcagca aatag 1725 

<210> 134 
<211> .1575 
<212> DNA 

<213> human Parainfluenza 1 virus 
<220> 

<221> gene 

<222> C13 - . . C1575> 

<223> human Parainfluenza 1 virus strain 
Washington/1964 
accession number ncO03461 

<400> 134 

atggccgggc tactaagtac ttttgacaca tttagttcca ggagaagtga gagcatcaat 60 

aagtctggcg gaggagcaat tatacctggt caaagaagta ccgtttcxgx cxxcacatxa 120 

ggcccgagtg tgacagatga tgcagataaa ttattaatag caaccacttt cttagcccac 180 

tcattggaca cagataaaca acactctcaa agaggaggat ttttagtatc acxccxxgca 240 

atggcetaca gtagtccgga gttatatctc actacaaacg gtgtcaatgc tgatgtcaag 300 

taxgtgatat acaatataga gagagatcct aaaagaacaa aaacagaxgg gxtcattgtc 360 

aaaacaagag acaxggagxa rgaaagaaca acagagtggt tgtttggacc tatgatcaac 420 

aagaacccat tgttccaagg gcaaagagag aaxgcggatc tagaggcatt gcttcagaca 480 

taxggatatc ctgcatgtct cggagctata atagttcaag xttggatagt gtrtggxtaaa 540 

gccataacaa gxagtgctgg tctaagaaaa ggattcttca atagattaga agcattcaga 600 

caggatggaa ccgrtaaaag xgccctggtc ttcacaggag acacagttga aggtatxggx 660 

gcagtgatga ggteacaaca aagcttagta tctcttatgg tagaaactct ggtgactatg 720 

aacacatcca ggxcagattt aactacatta gagaagaaca ttcagaxxgx aggaaatxac 780 

ataagagatg caggatrtagc atcxttcatg aacaccatca agtatggtgt agaaacgaag 840 

atggccgccc tgacactatc aaatctgaga ccagatataa acaaaxxgag aagccttgtt 900 

gaxatctatc tatcaaaggg agcccgagcc ccttttatat gtatactcag agacccagrt 960 

catggagact ttgcccctgg aaactatcca gcactgtgga gctacgcaax gggcgxtgct 1020 

.gtggtacaaa acaaagctat gcaacagtax gtaactggaa gaacatattt Sgacatggaa 1080 

atgttcctac xtggacaagc tgtagctaaa gatgctgatt ccaaaaxcag cagtgctctg 1140 

gaggaagaac taggtgxgac agatacagca aaagagagac taagacacca tctgacaaac 1200 

ctttcaggag gggatggtgc gtaccacaag cctacaggtg gtggagctat agaagtggca 1260 

attgatcata cagacataac atttggagtc gaggacactg ctgatcggga caacaagaac 1320 

tggacaaatg acagcaatga aagatggatg aatcacccga tcagcaacca cacaatcacg 1380 

attcgtggtg cagaagaact tgaagaagag acaaatgatg aagacatcac tgatatagaa 1440 

aacaagattg cacgaaggct ggccgacaga aaacagagac taagccaggc aaacaataaa 1500 

cgagacacca gcagtgatgc tgactatgag aatgatgatg atgctacagc ggcxgcaggg 1560 

ataggaggaa txtaa ■ ~~~ 1575 

<210> 135 
<211> 1548 
<212> DMA 

<213> human Parainfluenza 3 virus 
<220> 

<22l> gene 
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<222> C15-..C154B5 
<223> human Parainfluenza 3 virus 
strain GP 

accession number ab012132 
<400> 135 

atgttgagcc tattrgatac axttaatgca cgtaggcaag aaaacaxaac aaaatcagcc 60 

ggxggagcxa tcattcctgg acagaaaaat acxgtctcta tatttgctct tggaccgaca 120 

ataactgatg ataatgagaa aatgacatta gctcttcttt ttttatctca xxcacxggat 180 

aatgagaaac aacatgcaca aagggcaggg ttcctggtgt ccttattaxe aatggcttat 240 

gccaatccag agctctacct aaeaacaaax ggaagtaaxg eagatgtcaa gtatatcata 300 

tacatgatcg agaaagaxct aaaacggcaa aagtatggag .gatttgtggt xaagacgaga 360 

gagatggtat atgacaagac aactgattgg atatttggaa gtgacctgga ttgtgatcag 420 

gaaactatgt tgcagaacgg aagaaacaat rcaacaattg aagaccttgt ccacacattt 480 

gggxaxccat caxgtttagg agctcttata atacagatct ggatagttct ggtcaaagct 540 

atcactagta tctcagggtt aagaaaaggc xxxxxcaccc gattggaagc tttcagacaa 600 

gatggaacag tgcaggcagg gctggtattg agcggtgaca cagtggatca gattgggtca 660 
attatgeggt etcaacagag cttggtaact ctxatggxxg aaacattaax aacaaxgaat . 720 

actagcagaa atgacctcac aaccaxagaa aagaatatac aaattgttgg taactatata 780 

agagatgcag gt'ctcgcttc attettcaat acaatcagat atggaattga gactagaatg 840 

gcagctttga ctctatccac tctcagacca gacatcaata gaxraaaagc xxtgatggaa 900 

ctgtatttat caaagggacc acgcgcxcct ttcatctgta tcctcagaga tcccatacat 960 

ggtgagttcg caccaggcaa ctaxcctgcc atatggagct axgcaatggg agtggcagtt 1020 

gtacaaaata gagccatgca acagtaxgxg acgggaagat catatctgga tattgatatg 1080 

ttccagctag gacaagcagt agcacgtgat gctgaagctc agatgagctc aacactagaa 1140 

gaxgaacttg gagtgacaca cgaagctaaa gaaagcxtga agagacaxat aaggaacata 1200 

aaxagrtcag agacatcttt ccacaaacca acaggtggat cagccataga gatggcaata 1260 

gatgaagagc cagaacaaxx cgaacaxaga tcagatcaag aacgagatgg agaacctcaa 1320 

tcatctataa ttcaatatgc ttgggcagaa ggaaacagaa gcgatgatcg gactgagcaa 1380 

gatacagaat ctgacaatat caagactgaa caacaaaaca tcagagacag actaaacaag 1440 

agactcaacg aaaagaagaa acaaggcagx caaccaccxa ccaaxcccac aaacagaacg 1500 

aatcaggacg aaatagatga tctgtttaat gcatttggaa gcaactaa 154s 

<210> 136 
<211> 2910 
<212> DNA 

<213> human Adenovirus 
<220> 

<221> gene 
<222> CD - . - C2910) 
<223> human Adenovirus 
strain 105 

accession number aj293903 
<400> 136 

atggctaccc cttcgatgat gccgcagtgg xctxacatgc acatctcggg ccaggacgcc 60 

tcggagracc tgagccccgg gctggtgc^g tttgcccgcg ccaccgagac gtacttcagc 120 

ctgaataaca agttxagaaa ccccacggtg gcgcctacgc acgacgtgac cacagaccgg 180 

xcccagcgtt tgacgctgcg gttcatccct gtggatcgcg aggataccgc gtacxcgxac 240 

aaggcgcggt tcacccxggc xgtgggtgac aaccgcgxgc xtgatatggc ttccacgtac 300 

tttgacatcc gcggcgtgct ggacaggggc cctactttca agccctactc .tggcactgcc 360 

tacaacgcxc tagcxcccaa gggcgctccc aactcctgtg agtgggaaca aaccgaagat 420 

agcggccggg cggttgccga ggatgaagaa gaagaggaag axgaagatga agaagaggaa 480 

gaggaagagc aaaacgctcg agatcaggct actaagaaaa cacatgttta xgcccaggcx 540 

cctttgtctg gagaaacaat tacaaaaagc gggctacaaa taggatcaga caatgcagaa 600 

acacaagcta aacctgtata tgcagatcct xcctatcaac cagaacctca aattggcgaa 660 

tctcagtgga acgaagctga tgctaatgca gcaggaggga gagtgctxaa aaaaacaact 720 

cccatgaaac catgctatgg axcxxaxg<ic aggcctacaa atccttttgg tggccaatcc 780 

gtcctggttc cggatgaaaa aggggtgcct cttccaaagg ttgacttgca attcttctca 840 

aatactacct cxxxgaacga ccggcaaggc aatgccacta aaccaaaagt ggtgttgtac 900 

agtgaagatg taaatttgga aaccccagac acacaxctgt cttacaaacc tggaaaaggt 960 

gatgaaaatt ctaaagctax gttgggtcaa caatctatgc caaacagacc caattacaxc 1020 

9£ttxcaggg acaattttat tggcctaatg rattataaca gcactggcaa catgggtgtt 1080 

cttgctggtc aggcaxcgca gcxaaatgcc gtggtagatt tgcaagacag aaacacagag 1140 

ctgtcccatc aactttxgct xgattccata ggtgatagaa ccagatatxt xxctatgtgg 1200 

aatcaggctg tagacagcta tgacccagax gxtagaaxca ttgaaaacca tggaactgag 1260 

gatgaattgc caaattaxtg tttccctctt gggggtattg gggtaactga cacctatcaa 1320 

gcxatxaagg ctaatggcaa tggcgcaggt garaaxggaa axacxacatg gacaaaagat 1380 

gaaacttttg caacacgxaa tgaaatagga gtgggtaaca actttgccax ggaaaxxaac 1440 

ctaaaxgcca acctatggag aaatttcctt racxccaaxa xxgcactata cctgccagac 1500 

aagctaaaat acaaccccac caacgtggaa atatctgaca accccaacac ctacgactac 1560 



BNSDOCID: <WO 2004057021 A2J_> 



WO 2004/057021 



PCT/CA2003/001994 



46/52 

axgaacaagc gagxggtggc xcctgggctt gtagactgct acattaacct tggggcgcgc 1620 

■tqtrtctctgg actacatgga caacgttaat ccctttaacc accaccgcaa tgcgggcctg 1680 

cgrtaccgct ccatgtxgxt gggaaacgga cgctacgtgc cttttcacat tcaggtgccc 1740 

caaaagxtxt xxgccattaa aaacctcctc ctcctgccag gctcatacac atatgaatgg 1800 

aacttcagga aggatgttaa catggttctg cagagcxcxc xgggaaacga ccttagagxx 1860 

gacggggcta gcattaagtt tgacagcatt tgxcxxxacg ccaccttcxx ccccatggcc 1920 

cacaacacgg cctccacgct ggaagccatg ctcagaaatg acaccaacga ccagtccxtt 1980 

aatgactacc tttccgccgc caacatgcta tatcccatac ccgccaacgc caccaacgtg 2040 

cccatctcca tcccatcgcg caactgggca gcatttcgcg gttgggcctt cacacgcttg 2100 

aagacaaagg aaaccccxxc cctgggaxca ggcxacgacc cttactacac cxacxcxggc 2160 

tccataccat accttgacgg aaccttctat cttaatcaca cctttaagaa ggtggccatt 2220 

acxxxxgact cxtcxgxxag ctggccgggc aacgaccgcc tgcttacxcc caaxgagxxx 2280 

gagattaagc gctcagttga cggggagggc tataacgtag ctcagtgcaa catgacaaag 2340 

gactggttcc xagxgcagax gxxggccaac xacaaxaxtg gctaccaggg cxxcxacaxx 2400 

ccagaaagct acaaagaccg catgtactcg xtcttcagaa acttccagcc catgagccgg 2460 

caagxggxgg acgaxacxaa axacaaagax taxcagcagg xxggaattat ccaccagcat 2520 

aacaactcag gcttcgtagg trtacctcgct cccaccatgc gcgagggaca agcttacccc 2580 

gctaatgttc cctaccccct aataggcaaa accgcggttg atagtattac ccagaaaaag 2640 

tttctxtgcg accgcacccx gxggcgcaxc ccattctcca gxaactttat gtccatgggt 2700 

gcgctcacag acctgggcca aaaccttctc tacgcaaact ccgcccacgc gcxagacaXg 2760 

accxttgagg tggatcccat ggacgagccc acccttcttt atgttttgtt tgaagtcttt 2820 

gacgxggtcc gtgxgcacca gccgcaccgc ggcgxcaxcg agaccgtgxa ccxgcgcacg 2880 

cccttctcgg ccggcaacgc cacaacataa 2910 

<210> 137 
<211> 810 
<212> DNA 

<213> human Enxerovirus 
<220> 

<221> gene 
<222> CD...C810) 
<223> human Enterovirus 

strain Coxakievirus Bl 

accession number m!6560 

<400> 137 

cggcccctga atgcggctaa xccxaacxgc ggagcacata ccctcaaacc agggggcagt 60 

gtgxcgtaac "gggcaactct gcagcggaac cgactacttt gggtgtccgt gxxxcatttt 120 

attcctatac xggcxgctta xggxgacaax tgacaggxtg ttaccatata gttattggat 180 

tggccaxccg gtgactaaca gagcaattat atatctcttt gtxgggxtxa taccacttag 240 

cttgaaagag gxxaaaacac tacatctcat cattaaacta aatacaacaa aatgggggcx 300 

caagtatcaa cacaaaagac tggagcacat gagaccgggc xgaaxgcaag cgggaattcc 360 

atcatccatx acacaaacat aaacxactat aaagatgctg catccaacxc agccaacaga 420 

caggatttca ctcaagaccc aggtaaaxxx acxgagccag xgaaggacat tatgatcaaa 480 

xcgatgccag cattgaactc cccctctgcc gaagagtgtg gxtaxagtga cagggttcga 540 

tcaataaecc tcgggaacxc cactatcaca acacaggagt gtgctaatgt tgtggxxggg 600 

xatggtgtgt ggccagaata tttgaaggac aaxgaagcca caggcgagga ccaaccaaca 660 

caacccgacg xggccacatg tcggttctac actttagagx ccgxgcagtg gatgaagaat 720 

xcagcaggtt ggxggtggaa gtxaccagat gcactttcac aaatggggxx gxxxggacaa 780 

aatatgcagt accactactt agggagaaca 810 

<210> 138 
<211> 681 
<212> DNA 

<213> human Rhinovirus 
<220> 

<221> gene 
<222> CO...C681) 
<223> human Rhinovirus 

Strain 14 * . 

accession number k02121 

<400> 138 

xaaccctaga gccrtatgcc acgatccagt ggttgxaagg tcgxaatgag caattccggg 60 

acgggaccga cxacxxtggg tgtccgtgtt tcxcaxtxxx cttcatattg tcttaxggtc 120 

acagcataxa tatacatata ctgtgatcax gggcgctcag gtttctacac agaaaagtgg 180 

atctcacgaa aaxcaaaaca ttttgaccaa tggatcaaax cagactttca cagttataaa 240 

ttacxaxaag gatgcagcaa gtacatcaxc agctggtcaa tcactgtcaa xggacccatc 300 

taagtttaca gaaccagxra aagatctcat gcttaagggt gcaccagcat tgaattcacc 360 

caatgtxgag gcctgtggtt atagtgatag agxacaacaa atcacactcg ggaaxxcaac 420 
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aataacaaca caagaagcag ccaacgctgt tgtgtgttat gctgaatggc cagagtacct 480 

tccagatgtg gacgctagtg atgtcaataa aacttcaaaa ccagacactt ctgtctgtag 540 

gttttacaca ttggatagta agacatggac aacaggttct aaaggctggt gctqqaaatt 600 

accagatgca ctcaaggata tgggtgtgtt cgggcaaaac atgtttticc actcactagg 660 

aagatcaggt racacagtac a ss ggl 

<210> 139 
<212> 21 
<212> DNA 

<213> human Influenza A virus 
<220> 

<223> primer no 12 multiplex assay 
<400> 139 

cttctaaccg aggtcgaaac g 21 

<210> 140 
<211> 24 
<212> DNA 

<213> human influenza A virus 
<220> 

<223> primer no 13 multiplex assay 
<400> 140 

agggcatxtt ggacaaagcg tcta 24 

<210> 141 
<211> 20 
<212> DNA 

<213> human influenza B virus 
„<220> 

<;223> primer no 14 multiplex assay 
<400> 141 

ttacactgtt ggttcggtgg 20 

<210> 142 
<211>..20 
<212> . DNA 

<213> human influenza B virus 
<220> 

<223> primer no 15 multiplex assay 
<400> 142 

gccagttttt ggacgtcttc 20. 

<210> 143 
<211> 23 
<212> DNA 

<213> human Respiratory Syncytial Virus 
<220> 

<223> primer no 16 multiplex assay 
<400> 143 

aacagtttaa cattaccaag tga 23 

<210> 144 
<211> 23 
<212> DNA 

<213> human Respiratory Syncytial virus 
<220> 

<223> primer no 17 multiplex assay 
<400> 144 

tcattgactt gagatattga tgc 23 
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<210> 145 
<211> 26 

<212> DNA . , 

<213> human Parainfluenza 1 virus 

<223* primer no 22 multiplex assay 
<400> 145 

tcrggcggag gagcaattat acctgg *o 

<210> 146 
<211> 26 

<212> DNA B ^ m . 

<213> human parainfluenza 1 virus 

<220> 

<223> primer no 23 multiplex assay 

<400> 146 - - e 
atctgcatca tctgtcaeac tcgggc 26 

<21Q> 147 
<211> 22 

<212> DNA . _ . 

<213> human Parainfluenza 1 virus 

< 220 > 

<223> human Parainfluenza 1 virus 
primer pi 

<400> 147 

gtatggtgta gaaacgaaga tg 22 

<210> 148 
<211> 22 
<212> DNA 

<213> human Parainfluenza 1 virus 
<220> 

<223> human Parainfluenza '1 virus 
primer P2 

<40O> 148 _ 
ttgtaccaca gcaacaccca tt 22 

<210> 149 
<211> 26. 

<212> DNA k ^ 

<213> human parainfluenza 3 virus 

<220> 

<223> primer no 24 multiplex assay 
<400> 149 

aacaggaaac tatgctgcag aacggc 26 

<210> 150 
<211> 26 
<212> DNA 

<213> human Parainfluenza 3 virus 
<220> 

<223> primer no 25 multiplex assay 
<400> 150 

gatccactgt gtcaccgctc aatacc 26 

<210> 151 
<211>- 25 
<212> DNA 

<213> human Parainfluenza virus 
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<223> humna Parainfluenza virus 
primer P3 

<400> 151 

tcttgcttca xtcttcaata caatc 

<210> 152 

<211> 23 

<212> DNA 

<213> human Parainfluenza 3 virus 
<220> 

<223> human Parainfluenza 3 virus 
primer P4 

<400> 152 

aaxtccatca gagcttttaa tct 

<210> 153 

<211> 18 

<212> DNA 

<213> human Adenovirus 

<220> " 

<223> primer human Adenovirus P5 

<400> 153 

actccctcga tgatgccg 

<210> 154 

<211> 26 

<212> DNA 

<2'13> human Adenovirus 
<220> 

<223> primer no 26 multiplex assay 

<400> 154 

cctacgcacg atgtgaccac agaccg 

<210> 155 

<213> 26 

<212> DNA 

<213> human Adenovirus 
<220> 

<223> primer no 27 multiplex assay 

<400> IS 5 

gtgttgtagg cagtgccgga gtaggg 

<210> 156 
<211> 21 ! 
<212> DNA 

<213> human Sars Coronavi rus 
<220> 

<223> primer SARS no p5 
<400> 156 

ctaacatgct taggataatg g 

<210> 157 

<211> 21 

<212> DNA 

<213> human 5ars Coronavi rus 
<220> 

<223> human Sars Coronavi rus 
primer P6 
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<400> 157 

caggtaagcg taaaactcat c 21 

<210> 158 
<21l> 24 
<212> DMA 

<213> human Sars Coronavirus 
<220> 

<223> human Sars Coronavirus 
. primsr P7 

<400> 158 

atgaattacc aagtcaatgg trac 24 

<210> 159 
<2U> 22 
<212> DNA 

<213> human sars coronavirus 
<220> 

<223> human Sars Coronavirus 
primer P8 

<400> 159 

cataaccagt cggtacagct ac 22 

<210> 160- 
<211> 16 
<212> DNA 

<213> human Enterovi rus/human Rhinovirus 
<220> 

<223> primer no 28 multiplex assay 
<400> 160 

ctactttggg tgtccg 16 

<210> 161 
<211> 19 
<212> DNA 

<213> human Enterovi rus/human Rhinovirus 
<220> 

<223> primer no 29 multiplex assay 
<400> 161 

ggtaattcca ccaccancc 19 

<210> 162 
<211> 23 
<212> DNA 

<213> human influenza a virus 
<220> 

<223> probe no 30 multiplex assay 
<400> 162 

tcttcaagtc tctgtgcgat etc 23 

<210> 163 
<2U> 23 
<212> DNA 

<213> human influenza B virus 
<220> 

<223> probe no 31 multiplex assay 
<400> 163 

agctcagcgc tactatattg tct 23 
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<210> 164 
<211> 23 
<212> DNA 

<213> human Respiratory Syncytial virus 
<220> 

<223> probe no 32 multiplex assay 
<40Q> 164 

ccttccagct tgtttacata gta 

<210> 165 
<211> 23 
.. <212> DNA 
<213> human Parainfluenza 1 virus 

<220> 

<223> probe no 35 multiplex assay 
<400> 165 

aagtaccgtt xcxgtcttca cat 

<21Q> 166 
<211> 23 • 
<212> DNA 

<213> human Parai nf 1 uenza 3 vi rus 
<220> 

<223> probe no 36 multiplex assay 
<400> 166 

cctgcactgt tccatcttgt ctg 

<210> 167 
<211> 18 
<212> DNA 

<213> human Adenovirus 
<220> 

<223> probe no 37 multiplex assay 
<400> 167 

cgcgtactcg tacaaggc 

<210> 168 
<211> 23 
<212> DNA 

<213> human Rhinovirus 
<220> 

<223> probe no 38 multiplex assay 
<400> 168 

attcagcata acacacaaca gcg 

<210> 169 
<211> 23 
<212> DNA 

<213> human Enterovirus 
<220> 

<223> probe no 39 multiplex assay 
<400> 169 

cctgtggctt cattgtcctt caa 

<210> 170 
<211> 558 
<212> DNA 

<213> human Herpesvirus 2 
<220> 
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<223> modified human Herpesvirus 2 
internal control 
multiplex no 1 



<400> 170 



ttaeactatt ggttcggtgg cgactrtgcc agcctgtacc ccagcatcat ccaggcccac 60 

aacclgtgrt tSgtacgct ctccetgEgg cccgaggccg tcgcgcacct ggaggcggac 120 

coqqactacc tggagatcga ggtggggggc cgacggctgt tcttcgtgaa ggcccacgta 180 

cgcgagagcc tgctgagcat c£tgctgcgc gacrggctgg ccatgcgaaa gcagatccgc 240 

tcqcggatcc cccagagcac ccccgaggag gccgtcctcc tcgacaagca acaggccgcc 300 

atcaaggtgg tgtgSaactc ggtgtacggg xxcaccgggg tgcagcacgg tcttctgccc 360 

tgcctgcacg xggccgccac cgtgacgacc atcggccgcg agatgctcct cgcgacgcgc 420 

gcgtacgtgc acgcgcgctg ggcggagttc gatcagctgc tggccgactt tccggaggcg 480 

gccggcatgc gcgcccccgg tccgtactcc axgcgcatca tctacgggga cacggactga 540 
agacgtccaa aaactggc 

<210> 171 
<211> 554 

<212> ONA . 
<213> human Herpesvirus 2 

<220> 

<223> modified human Herpesvirus 2 
internal control 
multiplex no 2 

ctactttagq tgtccgcgac tttgccagcc tgtaccccag catcatccag gcccacaacc 60 

tgtgcttcag tacgctctcc cxgcggcccg aggccgtcgc gcacctggag gcggaccggg 120 

actacctgga gatcgaggtg gggggccgac ggctgttctt cgtgaaggcc cacgtacgcg 180 

agagcctgct gagcatcctg ctgcgcgact ggctggccat gcgaaagcag atccgctcgc 240 

ggatccccca gagcaccccc gaggaggccg tcctcctcga caagcaacag gccgccatca 300 

aqqtggtgtg caactcggtg tacgggttca ccggggtgca gcacggtctt ctgccctgce 360 

tgcacgtggc cgccaccgtg acgaccarcg gccgcgagat gctcctcgcg acgcgcgcgt 420 

acgtgcacgc gcgctgggcg gagttcgatc agctgctggc cgactttccg gaggcggccg 480 

gcatgcgcgc ccccggtccg tactccatgc gcatcatcta cggggacacg gactggctgg 540 
tggtggaaat tacc 5>4 

<210> 172 
<211> 23 
<212> DNA 

<213> human Herpesvirus 

<223> internal control probe no 42 
multiplex assay 

<400> 172 _ 
acaccgagtt gcacaccacc ttg 
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